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To -assess the effects of exercise intenslty and t'itness
level on_state anxiety scores after exerclse one hundred and

fourteen male volunteers participated in a controlled.

. experiment. All subjects exer;clised on a bicycle ergometer,_

;He contirol q;‘oup at an unstressed heart rate and, the three
experimental -groups at 100, 120 Jand 140 .bpm, respec_tlve‘ly.v

Subjects were randcmly assigned to groups. ﬁsa'suremeﬁts 9f

"state anxier_y tevel were made prmr xe7 imnediately

follouing,and at twelVe minutes after exercise. Subjects" . .
ievels of fitness and, trait 'anxie(:y also were. assessed. TN

Analysis of covariance revealéd a significant eftect of

.exer:j.se Jntensit}z at twelve minutes after exerclse

Analysis’ using Dunnett's test showed that this'difference
resulted from a significant’reduction in anxiety level for

those who exercised at 140 bpm. ThoSe who exer:

o | L E
.and 120 bpm did not differ . from the control group. The

conclusion is that moderate exercise, assigned ofi an
individual basis in terms of heart rate,  is’an effective
means of alleviating anxiety ¢
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. the effects of an arsisd sesslon of a predmninantly

i . aeroblc na(:ur‘e, oh levels ot state anxlety after’ exerclse.

It 1s clear frpm the literature that there are several

variables which affect the relationship between exercise and

R anxie:y level These. will be distussed in detail below..

L ¢ " Some. are, under the control of the experimente;;, 'an%cﬁn be "

-ma'niiauxa'caa Others are subject defined and «conséquently

L .| must ke assessed Manipulable variables include Zctivity: *

= o i ‘type ‘work intensity, exercise im:ensity ancl tlmlng ot‘ . \: - o

assessment Subject defined variables include imtlal devbl % .

B, ; of anxlety and. level af fitness " (physmlugical respuns\a ta

coent © work Xntensxt':y) # .

= . . . N ? . .

Experiménter Defined vérxables B

b s ® Expermenter defined Vériables dre those ménipulated by

# the experlmenter in t;ne experlmencs to be.. descrrbed 5

Part&clpation "1n an exercise’ program i-nvulvesl aside

from aerobic expeydlture, many nther varlables These
variables are ‘not always measul"able Eor some indlviduals .-

B | participatlon involves altering daily r?;utlne to Jnclude gy

5 _9)<el”cise, For other!, -the usual pattern of daily exerc&se -

is changed. - Through programvpartlc.ipation new acquaintances T e
_are.madé; the experimental sltuat}on is a~noval social"
- situation. The effect of these variables may be to aug‘ment ¥ "

i 5 . “or attenuata the psychulogs:al changes hsought:, about By, W "%
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Tt Indeed, such variables mdy be signigicant

. ones ‘contriblting to anxiety change Cenerally, tbis
problem has been dealt with 1'n w6 ways.\ by comparing-across

di:feren: types of a%ivitles, ’snd\by comparing various
- i -
'ActLvity type : 3

T, o Compar jsons across activities have den few Studies
have' compared aerobic exercise. with meditation (Bahrke and’
Morgan 1975), rest (Bahrke and Morqan 1978 and Margan.
Roberts ‘and Feinerman, -1971), org;n&{dexercise -and eatingy,

‘lunch (wuson, Berger and Byrd 1981) to determine relal
et‘fect on anxie!;y level. ‘Suich corﬂpar&sons have yielded"
generally qonsistant results. The aerobic actlucy was

neither better nor worse than the comparison activity in .

reducing anxiety. Bahrke and Morgan (1978) compared twenty

X minutes each of (1) exercise performed on a treadmill at .70y

of .self-imposed makimal heart rate, (2) meditation and (3)

; rest': . The three. groups: vere composed of 25 males. -State

anx. ty, as measured by the STAI, decreased signiflcantly

t‘or all three qroups, and there ,)lere no between group

dirferencas. Morgan‘et. al. (1971) also found no *
difterem:es‘ between two exercise intenslties and seventeen ‘
minutes of supine rest In thls case nnne of the .

acﬁmitlss produced signxucant changes in anxiety sgores.

Hovavsru ,this study used a different measure of anxie\:y than

the. preymus. Anxiety was assessed-By the IPAT 8 Form

J\nxiecyt Batgery. wmch is cons,zdered to be a measuré of ,
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:r':ait: anxiety, -(Morga;-\, 1982) . Wilson, Berger and Byrd
(1981) compared r:ui'mlng, organized exercise and eating
lunch. In their study, thé running group-as composed of 11
males and nine females who ran sub-eight minute miles: the

. exerclse group, of two males and“1ll females who participated .
in 40 minutes of organized &brcise. and the final group. of
six Tales and four females who usually ate lunich together.
S;:ate anxiety was h:'uzsuréd by the STAI before and
immediately after the activity. While all three groups
showed slxgnlﬂcam: de:réme_nts in anxiety, the between gyoup
differences were not éiénlficant. ﬂesa 'studles jndicate
that aerach exercise is.neither better nér worse than
meditatio{u/ organ.\zed exercise, rest and ‘eating lunch in

£ac111tat1ng a reduction in state anxlety

However, &encluding that the diversional nature of
exercise is the only sighificsnt varisble is unwarranted.
Alt‘hogqh the diversional components may be anxiety reducing,
the possibility that the exertion cunponén: may have similar
gffects is neither precluded nor confirmed by the above '
findings. Claarly,_ laboratory gtudieg are required that -«
permit comparison bétween exertion and non-exertion
conditions, \dth dlverslonal variables controlled for
Studies that have employed lech a design have compared .

v expenditure levels by . manipula:lng the intensity nf r.hel

activity. . v i

‘. 4



Intensity of activity . & ‘e

The intensity of an activity may beé defined by
% reference e}ther to the work load or to ghe magnitude of
the physiological response induced. These definitions will
be referred to as work intensity and exercise'intensity,
i regpectively. .Morgan, Robertd and Feinerman (1971) | for
4 . . example, coptrolled work intensity by ?arylng the grade of a

/ . motor driven’ treadmill. ' Exercise intensity is indexed tn
/ terms- of physiological responsivity, typically heart rate

and Stme, 1977). Equating subjects in’terris of exercise

/_ “as U (Andres, Metz and Drash, 1978 Morggn and Hcrstman, 1976;

intensity implies a physiological response of comparable ° .

magnitude, irrespective of subjectsdifferences in prior

. fitness and work intensity: An expectation might be that
moderate lévels of exercise intensity are as‘sé;iated with
greater reductions in an)'(iety after exercise.. Both a
physiological and a psychological rationale may be proposel
\to support.this expectation. The physiological rationale/is
that cessation of moderate exertise is followed by reliable
reductions in muscle tension, which is an importarit £

_ component of anxisty (deVries and Adams, 1972). The
psSychological rationale rests on the, similarity betwedn the
somatic arousal states characteristic of exercise an

. anxiety, respectively(Ledwidge, 1980). Subjects may be

more prone to attribute somatic arol.;aal to exgrcise providéd
7 that exgrcise int:ensity is neither minimal nor severe. At

N severe intensities,’ the negative, characteristics of high
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arousal may even be anxiety inducing. °

When vork intensity is the independent variable, all
subjects perform at a prese’t work load. For fitter
individuals the work is less strenuous than for the less
£it. Morgan, Roberts and Feinerman (1971) found no
significant effects of work intensity. In their study, is
‘male ahd 18 female subjects walked at 3.5 mph on a motor
driven treadmill for seventeen minutes. ‘Work intensity was

. controlled by varying the grade ‘of the treadmill; some

. subjects experienced a O} grade,\others a 5% grade and a \
control group participated in sevénteen minutes of ‘supine \
rest. Following exercise, anxiety scores as assessed by the’

.- IPAT.were not sidnificantly different between any of these
“groups. !

et

There are two problems uith the Morgan et. al. (1971)
study: Firstly, the IPAT is designed for the assessment of 7
trait anxiety scores and therefore, wnulfi not be 'expected to.

-detect any change in state anxiety, (Morgan, 1982) . o
sécendly, asproblem inherent in-any study which defines
intensity by wark load is that the magnitude of the
physiological reaction varies with the fitness of the
subject,  thereby increasing the concrlbution from error _ln
statistical evaluaticn. Ihfs premise is based on the -
assumpcion that any anxiety reduclnq effects of exercise
will be mediated by the 'extent of the physlological change

induced. . i ) I
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The requirements of research with exercise inténsity
are such that individuals perform to a preset cardiovascular
level which is achieved by varying work lo#d. The findings .
on the effects of exercise intensity on state anxiety levels
following exercise are 1qcons_istent.4 Morgan and Horstmah
(1976) found that anxiety,- as measured by the STAI and the
IPAT, decreased significantly 20-30 minutes after what they
termed moderate or heavy exercise, but not after light
exercise. ‘However, the ‘actual exercise in:ensities vere nur.
prov%ded. Sinularly, Sime (1977) reported no change in
anxiety, as measured by the STAIL, following light exerclse,

“Andrés, Metz and Drash (1978) also found'that exercise

intensity is a significant variable in effecting chahge in
state. anxiety. However, they found that higher exercise
intensities were not effective in reducing aﬁxiety, whereas |
the lower intensity produced a significant decrease in )
anxiety. In.this study, 16 male subjects walked or ran on a
motor driven treadmill for 20 minutes at 70, 80 and 90
‘percent of their age related maximum heart rate. AnxJ.ety
was measurqd by the State Anxiety Inventory (SAI) .
Significant degrements in state anxiety were evident
following exercise for those who exercised at 70% Bf their
age related maximum heart rate, but not for those at 'SOZ and
90%. However, subjects exercising at tﬂe‘ two fxigher‘
intensities clearly were performing at ‘clgse to their

maximal abil 1ties .
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Cross study comparison is made difficult by the -
variation in methods. Firstly, the actual exercise
intensities used in the Morgan and Horstman (i976) study- are
unknown. The two higher intensities in the Andres e:f aiA
(1978) study are very high. Consequently, no firm
conclusions may be derived with regard to the prior ~
expectation that a ;mderatz exercise ‘intensity is most
effective in reducing state ‘énxie,ty. Seccndl}, Morgan et.
al.” (1976) e}nplnyed the éTAI; Andres et. al. (1§7B). the
SAI. Finally, Andres et. al. (1978) assessed anlety
immediately after.exerclse; Mor‘qa.n er;. Ial‘.“ (EI.97E;) a].'lnw.ed
a delay of -30-30 minutes. . ‘As will be glscusséd, this )
variable can have profuund:effects on reported level of

anxiety . i ag B

Delay in measurefhent

In two studiek where there wéere no- immediately evident

" effects of exercige on level of state anxiety, effects were
evident .after a elay‘(Morgan and Horstman, (1976): and

Mitchum, (1976))| "Morgan and Horstman (1976) used a

modified four-item STAI to assess the course of anxlgty
.durln‘ exercise. They found that state anxiety increased
‘during the first half of exercise, plateaued and remained
elevated throughout. Aﬁxxaty began to ﬁacreas»e Amm iataly’
fulloui_ng exercise, Qlth significant decrements occ) rring at
the tenth minute ;fte; exercise. ]‘ln“Mltchum‘s (1976) study,
subjects participated 'in 15 minutes of ;'acquatball. In. this

case, significant decrements in Jgvel of stul’:a an; lety
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15 to 30 minutes after-exercise.

‘occurr/ed at
* /Morgan and Bahrke (1972, .unpub ished findings cited in
Morgan, 1973), Morgan (1973) and Seeman (1978) found that a
de*ay may not be necessary, that decrements in anxiety’can
occur immediately or very soon after exgréise. In Morgan's
(1973) study, 15 adult males participated in ‘15 minutes of
vigorous running. Stateé anxiety, as measured by the STAI,
showed a decrease both at fIve and 20. to‘30 minutes
following. exercise. - Morgan and Bahrke (1972) found that
after a vigorous workout 15 adult males shmled a signiﬁcant
decrease in anxlety‘ as measuréed by the STAI, and this
decréase was evident both immediately and at-15 to" 30

mindtes following exercise. Seeman (1978) also reported

decrements in anxiety after exercise performed at 70% of
maximum aerobic power for 50 minutes, and these were
maintained for7up to five hours.” In.this study, 17 male e;nd
21 female adult yolu\:n:eers from fitness and jogging classes
per formed various warm-up exercises followed by a two to
seven mile run. Anxiety, as assessed by the four item STAL,
decreased immediately after exercise, with a further
decrease at 30 minutes However, Seeman (1978) reports that
the immediate assessments were .actually made within five to

ten minut:es following exgrclse

The fipdings from these studies generally are
supportive of the pnsithn that anxiety may continue to
‘decline for some time after the cessation of exercise.

. Although an immediate reduction in state _aﬁxlety sume:i,xl{es

\ _ o :



-\ highly anxious subjects, partially in

e
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was obtained, both Morgan and Horstman (1976) and Seeman
(1978) noted greater reductions after a delay. LT -

Subject Defined Variables
State anxiety levels prior to exercise

For exercise to reduce anxiety, pre-exercise anxiety
must be above b'asal levels. Studies that have investigated
the relevance of pre exercise anxiety can be differentxath
into two types: (1) comparison of 1ndiv1dua}s‘c1asslflad as
high or low on trait anxiety gnd (2) studies in which

pre-exercise lev‘e‘ls'of state anxiety are measured. ‘

~

Several studies have assessed erences in normal e‘md»

spﬁnse to »the

Pitts-McClure hypothesis. Pitts (1971)
hypm:hes;zed that the'blood lactate level of subijects would
increase durinq exercise, resulting in anxiety attacks in
anx1ety neurotics or highly anxious’ indlviduals. ‘.['his
Inypothesis has been repeatedly challenged, Tand researchers’

* have found'no evidence to substantiate it, (Gillett, Morgan '
and Bahrke, 1972; Anderson jand Morgan, 1972, '(bath
unpubllsjled studies cited_in Morgan, 1973);,and Morgan
(1973)). Gillett et. al. (1972) Studled‘thg effects of-45
minutes of vigorous physical activity’on the anxiety levels
of.' 40 adult males. They found that ahxiety, as measured by
the STAI, decreased sl.gniiicantly for both normal and highly
anxious subjects. Anderson ‘and Morgan (1972) found that

¥
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‘after walking a modified Baike treadmill, 17 adult males

éhovad significant dscreases in snxiety aftér exercise. R
These subjects included Ehnse judged clinically anxious.
Twelve dult males participated in Morgan's (1972) study.
Six were classified as anxiety neurotics, and six as

gormals. *¥hey performed on a treadmill until complete

‘exhaustion. Anxiety decreased equally in both groups. This

study was replicated with 17 females. Consequently, it
appears there ls 1ittlé suppert for the Pitts-McClure (1971)

h)’pothesis. s E i 2 Q =

A secund set of studies have ‘compared the extent of

anxiety reduction after cessation of exercise, where the

"levels of state anxiety prior to.exercise were either high

or low. Théy frequently have reported greater reductions in
state anxiety where these levels wére. high (Wood, 1977;

Bahrke and Morgan, 1978: and Stevenson, 1981) "In Wood's
(1977) study 62 male and 44 female under%r duates o
particzpated in 20 m;nutes of running coverlng at least one E
half méLle each. * Anxiety was measured by the STAI. The
initially high anxious éubjects experiehced a significant

decrease ir‘m level of state anxiety imme'dlal:ely after

.
exercise, uhereas the initially low anxious subjects

experignced a signiﬂcam: increase. S:evenscn (1981) @
partially rgpllcated these findings. ' She found that a 9.5
minute bicycle ergometer ride covering at least two m;les
resulted ‘in a significant decrease in anxiety for.those

classified as initially high in state anxiety, However;




- In any event asséssment is essential to

(4e.: those experl‘eﬁcing lowver,, exercise

a decrease in anxiety following exi!cise

thosé classiffed as initially low showed
;

a shall increase. Bahrke and Morgan_(19

groups: .(1) those who performed 20 mind
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either no change or
8) compared three

tes of walking at

70% of their self imposed maximal heart [rate, (2) those who

meditated for 20 m;nu&and (3)! those
for 20 minutes. While no between!group
found, there was a significant eff‘ec_t o
state ‘anxiety. - Data u{ere'collapsa;d acr

and those classified as: initially. %10‘: s

who rested quietly *
differences ;»ere
initial level of
ss all three groups,

owed virtually no

change. Morgan (1973) condiders this phenomenon as’

Lo

statistical regression of extreme Score
of between group differences on state a
exercise. -
Level of fitnass! 3 a

"towards.the mean.

ensure the abssnce

xiety level prlor to

)

Fitness, the second subject defined variable, has been

investigated as to its effects on state

anxiety level after

exercise, -(Stevenson, 1980). In Stevenson's study, 44

- female undergraduates per'formed on a b}cjcle ergometer for

9.5 minutes, covering at least two miles each. State

anxiety vas assessed by the STAI. Subjects were classified

on the fitness variable oni a post hoc basis by reference to

_tl'.heir heart rates during :he“exercise:.*‘

showed no change or'a small inc
NS

The fitter subjects
heart rates) showed

; the less fit
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Unfortunately, Stevenson's (1980) operational

definition of fitpess confounds fitness with.exercise
intensity; intensity was defined by reference to external
work load (ie., work intensity) rather than in terms of
exercise intensity. Consequently, the fitter subjects
experienced a lower intensity of exercise. It is not
posslble, therefore, to conclude “from Stevensan s results
that fitness is a sig‘nificant variable medxatlng the effects

2, of an exerE:Lse session on' state :a,nxiety ].eve‘ly " Houeve;-:,.
clarification of whether fitness does serve a mediating

¢ function would prove an important contribution to knowledge.

L In summary, there are four identified variables
hypotheslzed to mediate the effects of an. .exercise session
on level of state anxiety following exercise. These are
exercisé intensity, time of. anxiety assessment, level of 4
state anxiety prior to exerc;l.se and the individual's level
of fitness. To obéal;a accurate results it is’ sugyested that
-various exercise intensities be compared, and that
assessment 'k?e made following ‘a delay after exercise. It is
.f\]r.*ther suggested t:;hat subjects' levels of anxiety prior to
ex;fcls»e and thelr,-levels of fitness be assessefi in order to
_ascertain relative effects of lévels of these variables pn

benefits gained from exercise.’
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Clinical Applicability

‘There are a limi¢ed number of studies that have

assessed the effectiveness of exercise in alleviating

\

clinical levels of amxiety. Researcpers have repor:ed
i | succdssful intatgention with exercise in reduction of
nxiety assnci£ with ageraphnbia (Orwln, 1973) a’

o si\tuatlonal phobia A(Oruin 1974) and, an elevator phcbla

{Muller and Armstrong, 1975). Orwin (1973) @ttempted the

treatment of agoraphobia with running. He based his

treatment on three 'agsumptions‘. ' (1) ‘Running isan

insti\hcti‘ve respénsq‘ which is/ _fvréquently iﬁhibl_ted_ because,

acccrc\ing to Oruin, "padients had become aware that speed 024

mxght are(upxtate sensations uhich _they had come to ‘regard

‘as components of the feared panic response, e.g. !

i palpitati\ons . (2) Running provides a cognitively
recog‘niza&)le cause to the physiological response. (3) As in
respiration relief (a combination of COZ and 02 inhaled
following presentation of feared stimulus), the general
\rierdaser i autononiic sctiviey would congeteswith and
inhibit the phobic anxiety provc);é;i by the extgrnal

. environment'. \Xn Orwin's design, nnxief:y was inhibited ai:

the moment of\"its development. The paue\y: ran to the

problem situation, to the point .of anxiety elicitation, andv
walked beyond it. A variation was to run through the,
anxiety provoking situation, decreasing the pace over
sessions. For six female, and tuo male patients, sessions :

- ' ranged from twelve to ninety, over seven to fi[ty “one days
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R “
At the end all reported no symptoms. s
- Later, Orwin (1974) presented research on the
application of a similar approach with a female patient
7 v
suffering from a situational phobia, specifically, a fear of
hich level lavatory cisterns. . The patient was informed of

the treatment requirements, (1) to run to breathlessness,

and (2) to attempt, at that poin%, to sit near a cistfrn.
° . 7

The height of the cistern vas increised until criterion was .
reached. ' At five month tonowup, she remained anxiety- frée -

in the prnblem situation. i ‘. * B

The final exampxa of this Prucedure is prnyided by
Muller and Armstrong (1975) . in treatment ‘of an elevatcr
phobia. These authors e\-nployed the running treatment
t_:‘omhined with -education. ‘The education consxsted ofA
increasing the client's knouledge of the dangers in
elevators, and the appropriate method of'escape in an
emergency. Following this ‘she rode elevators regulafly. At
four months follow-up, this ngrovemenf: was, malncainéd:'

avoldance behaviour vas completely éliminated.

‘These "running treatments"”, howevér combine seyveral

components ‘of other treat:ments, Among these cumponents are

successi\)e apprnximations and practice of feared behavlour s
" (orwin, 1973, -1974; Muller and Armstrong. 1975), and . )
elements of cognitive therapy (Oruin, 1974, and!Muller and
Armstrong, 1975). - bmile.rjreatrqen.ts fhould b? éol;lbined_to

afford the épeates: possible relief, in research such ° .




“ - R ’ ‘ ) A. r .

Page 15 -
.y
combination serves only to confound the gffects ,of the R
¢ 2
components. .~ ' * ]
o - Othér research on the clinical dpplication of exercise

to- anxiety reduction has focused on three questions: ' (1). .

comparison of exercise’ to other forms of Eherapy as a&means' .
o <

of reducing state anxiety, (2) the function of exercise in ~ &
. S . - »

preventing the -onset of anxiety and (3) the relevince of ° .
|Ppeve 2 3 ] 1

. . - 'fitness to recovery from stress. We will-consider. the ¢ .
.research on each. R \ . J .

1EY s e e (1) Compariscn of exercx'se to.other forms &’ therapy
s
In order for exerclse to be cunsidered a cost effective |

means of. reducing state anxie.ty, a mxnlmal ~cr1ter1on 'is tqm:

A" exercise of short duration should be as effective as other 55 ._ v -
; ' forms of treatment in the reduction of state anxiety. The'
z, only study to address this questicn d)rectly was by de‘/r)es . :
. 1 and Adams (1972) . . ,_ .. : Tee g
P .

deYries and Adams (1972) compared the effects 9:‘ ",‘ »
exercisg and meprobamate, a cogmonly used ‘tranquilizer. In

b K . .
a doubl¢’blind’ experiment, where each subject served as his:

LN . own control, twenty Harm@l volunteers wete subjected to a e, B
’ series of five treatments. These treatments were presented,
- in random Aoi"der‘cver a fifteen day pericd. Each subject =

“was tested before and after (receiving). (1) AOO mg. of

meprobamace (2) placebo; 400 ng’ . of.lactose preparéd in
Ldentical capsul/e form; (3) 15 min. ot ualklng type | - , -

xxercise at a rate which maintalned heart r.ate at 100; (‘I)
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15 min. of ua"lking type exercise which- maintained haar:

rate at 120; and (5) cOntro]. the sub]e\'.‘t sat comfortably and
Fead for' an equivalent per_md.of tim ’", (p-131). Subjects
were pretested on muscular tension measured under - :
undlkturbed canditions and under stress Subjects were
N
pcsttested l'mmedj.stely following treatment, at 30 minutss——
follﬂulng and ‘again after one hour. deVries and Adams »
(1972) found a signl.ﬂcantly greater relaxation effect after
exerciSe than aft:er- meprobamate They concluded: :
Ouf data sugqest that the exercise modality should not’
be"overlooked when a t:ranqu!.uzer effect is desired,
since. in single doses, at least, exercise.has a o
“:significantly greater effect upon the restin

g
. musculature,” without any, ur eslrable side effects,
" than daes meprobamate. (p/ R

. However, the authcrs did not employ a measure of anxiety oot
‘The impucatians for\ the present research are- unclear as a
change Ln resting musculature may not translate directly .

into @ change in anxiety 1sve1. » ‘ . .

(2): Funct:i.on of exercxse in preventing the onset of anxiety

‘Because"of. the apparently long 1asting effects of
evaiteia b o (Seeman. 1978) , Morgan (1982)

hypcthesized. g J ]

one of the major benefits of regular exercise may- . .
reside.in its ability to reduce anxiety on. a daily

basis and, hence, prevent the development of chronic _
anxiety. (p.13;

" Although. there is at! present no direct test of this *

. Hypothésis, cauverqent support’ comes“frnm two rgsleaz'"chers,

Seeman (1978) and dsVrLes arid ‘Adams (1972)

Seeman (1978)
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found that following éxercise state anxiety remains below
baseline for up to five hours. It theh returns to baseline

remaining asymptotic up to at least 24 hours. dcVries and

. Adams (1972) also noted that reduction in state anxiety

following exercise persists for at least one hour.
Repetition of exercise may well result in a repeated .

decrease in state anxiety and thus, the prévention of the

development of chronic anxiety. °~ -

her, direct tests of Morgan's (1982) hypothesis are
required. . Such réesearch might proceed by stressing subjs:cts
after an’ ercise pericd, and comparing their induced
anxlety Lgvels to those,where no exercise precqeded ‘the
stress in ction. However, most of the’ research relevant to
the question has examined the effects of physical fitness
training/on psycholcgical ‘variables. Unfor\:\_mately much of

this‘redearch is hampered ‘by empirical flaws, resulting in

‘llv:t:le more than convergent findings on the psychological

effects of physical tra.\nlngt 'E“olkins and Sime (1981)
provlde_ detailed_-yri_.;icism of this area by citing two -
prob.l't_ams"whiclh reduce, the validity of mych of the research:
(3)%he pmission of adequate control groips and (2)° the.
failure to document fitness training effects. It is

worthwhile to consider their: fmdings.

The lack of aniadequat:e contral group is evgjent in
pre experimental and {;uasl experlmental designs. Campbell
and; Stanley »(.}953) dgf&ne a pre-experiméntal study as either
tha‘or_\e-sho:‘ca"sa study, the singlé group pretest pustte‘st 3

W . \ L .

o



to improvements in aerobic capacity" (p.464).
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design or the static group comparison.” Such designs are
largely uninterpretable 3s they "do not control. for
extharissusrvariables wiilch mightiprodiies effacts hat bacone
confounded with the effect of the treatment variable", *
(Folkins and Sime, 1981, p.375) .  While the quasi
experimental’ design is an improvement over the one group
pretest-posttest deésign, it relies on random assignment of
treafment to groups: Folkins and Sime (1éa1) report that
this assumption was almost never met in the varxous studies.
"More !:ypically~ researchers studied changes ir) a group ’
(often ‘self selected) exposed to 'a fitness training program
as-compared with changes in a convenient group that did not
havg a fitness :r‘ain»ihg experl‘ence" (Folkins ‘and Sime, 1981,
5.376) . “Tis preexperimpntal and qussi ehperimental desigrs
are more typical of the research in this area than is the

true experimental design. . ;
)

However, the presence of a control group does not
gquardntee interpretable résults. Jasnoski, Holmes, Solomon
and Aguiar (1981) used a waiting list control -and an
independent control _group.’ They‘ were unable to conclude
‘thac aerobic training contributed ta‘ changes in
psychological variables because neither con;.rol group
recéived comparable group, particiﬁatlon The authors noted
that’ althoush psychological changes were evident, "it is
in\portant to recognize that t:hey do not indlcate whether the

changes were due to par:ig:ipation in r.he program per, se or
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The second problem,: documentation of change in fitness
level is of major importance. While there are various forms
of fitness, researchers have predominantly limited 4
themselves to cardiovascular fitness. As Folkins and ‘Sime
(1981) note, "cardiovascular efficiency has become the best
indicgtor of physicgl fitness. Studies that demonstrate
improvement on cardiovascular criteria presumably have
exercise programs of sufficient intensity and duration to
create a cli;\ica_lly siqni_ficant fitne‘s‘s training effect.

‘Other studies without this d‘ocumentation may have lacked the
intensity needed for a traifiIng effect and consequently,
dnterpretation of resulting psychological data ‘is

"problematic" (p.375). Such changes' cannot be assumed to {5
follow long term exercise involvement as exercise must be of
suf'ficlent intensl‘t:y and the ‘program of sufficient .duration

to effect such changes.. As some studies focus on- €
improvemént. of motor skills, muscle strength and muscle
skills, iitness changes can only be certaln when adequate
pre- and post-program assessments are made of cardiovascular

efficiency.

. 1 .
Folkins and Sime (1981) cited five studies of the

effects of fitnggs training on anxiety: All five'reported

impr on the variable as assessel by trait ,
_anxiety scales. However, only two studies documentéd
changes in chrdiovascular fitness. Of these two scy{dies.

one was a quasi-: experimental design that’ failad/t.o/meet ‘the

random assignment assumption (Folkins, 1976)., and the other L '
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was a pre-experimental design (Young, 1979). Thus, the
evidence is at’best suggestive and dpes mot permit &
differentiation:of whether the exercise 1tse1§ or aerobic

fitness mediates any effect.

(3) Relationship between fitness,and recovery from stress

The third research question with regard to clinical
applicability deals with the relevance of physical fitness

to recovery from stress. Increased ‘physical fitness results

from repetition of exercise over'a long term. The primary. - 1
index of physical fitness is: heart rate at a given work load |
(i.e., endurancg‘ﬂmess). Thrée rqports address the . f
reladtionship between physical fitness and recovery. from &

psychosocial stress, ~('Cox, Evans afid Jamieson, 1979; Sinyor,

Schwartz, Peronnet, Brisson ?d Seraganian, 1983; and_
Keller, 1980). [

’ .
Cox et. ali, (1979) showed that aercbic power is 1

significantly related to the dependent variable, .recovery : i
from stress. They assessed subjects' aerobic power, defined
. - by heart rate on a' sibmaximal. test. Forty-one male and
twenty-nine female undergraduates performed the experimental
procedure. Each subject (1) t’:omplatedya pretest
questionnaire designed to measure aggression towards the
‘experxment and e'xper'imen!:ers’, (2) ~was frustrated in . ’
. attempting tasks taken from the Wehsler Adult Intelligence 1

Scale'(Wechslex_m 1955) and (3) was subjected to verbal
abuse.

While aerobic power was not related to the magnitude
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of heart rate response to stress, "subjer,[ts with high
aerobic power recovered more quickly from the effects, of
psychosocial stressors than subjects with low aercbic
power", (p.162). Sinyor et. al., (1983) subjected two
groups of fifteen subjects to stressors (an arithmetic task,
a quiz and a color word task). The grouPs wete composed of
trained versus untrained individuals. Aerobic training was
detined by (1) a questionnaire to assess the extent of
participation in aerobic ‘activities, and (2) a bicyle
ergometer fitness test. The authors found t(;i\: though heart
rate and subjective arousal levels (as measured by the STAL
X-1) increased during the stress for both groups, the
trained subjects showed "fiore rapid heart rate recovery
following the stressors and lower levels of anxiety at the
_conclusion of the §eésion", (p.206). _Keller (1980) provides
an experimental assessment gf the relationship between
_Irepe’ated exercise and‘changz 4in physiological and
psychological responses to stress. In this study sixty
subjects were divided into three groups; an exercise group,
a music appreciation’group andsa meditatio.n group. Each
activity was performed four da‘ys‘ weekly ‘for ten. weeks.
. Physiological fitness was assessed as step test recovery
heart rate. Psychological fitness was assessed as skin '
conductance, an index of autonomic recovery, during
emntionally stressful tasks. These contrived tasks were.not
defined. These authors found that after the duration cf‘he
ten week per formance, both the physiclogical and the

psychological tests differentiated between the exercise
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group and the two controls, indicating that " as physical

fitness improves, so does autonomic recovery from

psychological stress", (p.119).

In summary, exercise id comparable to other means of
anxiety reduc‘tlon (e.g.. meprobamate) in terms of the degree
of muscle relaxation, and the duration of this effect
(-deVr.\es .and Adams, 1972). Secondly, exercise is -~ i
potentially: useful as a means of preventing the developrr;ent
of chronh;_ anxiety, (Mérgan, 1‘58‘2). Or)é major side effect ’

of .repeated exercise is increased fitness level, and fitness

* level has been shown to be related to recovery from

psychosocial’ stress,. Cox et.™ al.,. (1979), Sinyor et. al.,
-(3993) and.Keller (1980) have shown that the, relationship is
a-positive‘one:’ that increased physical fitness is
posl’tively associated ul;h an increased recoverability from
psychosocial st’:ress. : :

v Proposed Rationale

for the anxiety-reducing properties of exercise

* Many 'authors‘have hypothesized mechanisms whereb;_
/ﬁtness training couid induce changesin psy‘cho-logical 5
variables, Ledwidge .(1980) provides an extensive review of
these hypotheses on changes in ’anxiety and. depression.
Those .on anxisty change bear particular relevance to the
present investigation. They are elaborated below, subsumed
under ‘two -headings, based on the proposed physiological and

psychological mechanisms involved. We have attempted to

\
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‘relate these hypotheses to changes in anxiety following an

° J
exercise session. - 8
(1) Physiological mechanisms

. The physiological rationales are derived from three

separate areas of investigation into physiolcglcal changes
asso:iated with fitness training. These areas specifically
are concerned with the monitoring of resting muscle action .

potential level, sleep béhaviouwr and blood lactate levels.

2 Firstly, s'everal studies found that anxious and
depressed indivlduals exhibit an elevated resting muscle
action potential level (MAP), (Malmo, Wallerstein and
Shagass, 1953; Martin, 1956; and Whatmore and Ellls, 1959).
“deVries (1968) found'that both acute and chronlc exercise’
reduce the resting muscle action potential‘ level. In his
assessment of acute exercise, deVries (1968) had 29 college
athletes participate in five minutes.of bench stepping ontc
a twencj inch bench at the rate of 30‘steps per minute: -
This resulted in resting MAP after exercise.which was
significantly lower for those in the exercise group than for
those in the Control. Although deVries (1968) study used a
normal population, Ledwidge (1980) claims that "there is no
reason to doubt that it would have the same effect on

anxiety-ridden subjects" . (Ledwidge, 1980, p.131).

* Secondly, experimental studies have shown that exercl’sc
promotes sound sleep ™ As Ledwidge (1980) repnrts, several

researchers have shown &ﬂat exercise increases subsequen!:
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amounts of slow-wave sleep (i.e.., Stage 4 or deep sleep) in
cats (Hobson, 1968), in rats (Matsumoto, Nishisho, Sudo,
Sadahiro and Miyoshi, 1968) and in man (Baekeland and Lasky,
1966) . *
~ e

/ThL{-dly, "aerobic training reduces the amolnt of(
lactate, an acid product of .exercise produced by -a given
amount of. work, and research on the biochemistry of anxiety
has shown that lactate plays a key role in producing anxiety
symptoms", (Ledwidge, 1980, p.131). '

I Ty :

(2) Psychological mechanisms

‘,ﬂ]q major psychological rationale reported by Ledwidge
(1980) derjves from the similarity of symptoms of anxiety.
and exercise, and the process of ‘cngnitive‘ relabelling.
Cohen and White (1950) reported that palpitation, fatigue
and breaéhlesgnesé‘ are the most conunon‘ s_ymptoms‘s‘uffered b‘y &
anxiety neurotics. Ledwidge (1980) notes that "strenuous
exercise produces the same somatic symptoms" (p.131).
Through cognitive relabelling, developing a tolerance for
exercise stress’might, over time, lead to the.tolerance of
anxiety symptoms. This is clearly a process related to '
repeated exercise (fitness training). A notion Similar to’
this, which also relies on a relabelling process was
proposed by Orwin (1973, 1974) “Eo account for the more
immedTate effects of an exer‘c’ise session. As a result of
the similarity of exercise and anxiety symptoms, the anxiety

symptoms become attributed to the external work load. While



the procéss is a relabelling one, it re
. immediately preceding exercise, and can

occur in its absence.

The conclusion at this point is th

tentially a valuable means of anxiety
of both’reduction and prevention.’ Howe
hat several variables need to be clear
accounted for prior to the application
purposes., Specifically, these ar( exer
fitne;s level, time of assessment and 1

prior to exercise.
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EVel of state anxiety

" Purpose of the Experiment| 1

The purpose of the present investigation was to assess

« the effects of exercise intensity and a
state anxiety. Exercise intensity,- as
refers to the cardiac response (i.e., h
a work load. Aercbic power can be inde
response to a given work loaO;r. conve
ioad rjequired to induce a given heart 1

n
hypothesis is based on findings by Morg
{1976) , and Sime (1977).:

! Hypothesis 1: The reduction in state §
exercise will vary positively with exer
greater reductions in state anxiety wi

the Figher exercise Antenéicies) .

erobic fitne(s"on
previously defined,
leart rate) induced by
ixed by.the cardiac
rsely. by the vprk
ate. The first ’

an and Horstman

nxiety following
cise intensity (i.e.,
1 be associated with
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-.The mediating tunctiz—m of aerobif fitness, in the
exercise-anxjety reduction relationship, has been Zddressed
in only one study (Stevenson, 1980). Unfortundtely, aerobic
power and exercise intensity were confounded in her design.
However, the confounding was in a direction such that higher
aerobic power was associated with a lower work intensity.
Since she found that anxiety reduction Lmedlately after
exercise was greater for fitter individuals, ‘the follov.\ng

tentative hypothesis.can be made:

Hypothesis 2:" Fitter. individuals will e.xperiénce the

_greater reduction in staye anxiety immediately after

exercise.

Sever‘a!.. studies have shown that a delay is nécessary
for extracting the effects of exercise on level of state .
anxiety (Morgan and Horstman, 1976 and Mitcham, 1976). =
Others have shown that it is not (Stevenson, 1980; Saen;an.
1978 and Morgan, 1973)'. However, vher‘x‘ r'e«liuciziené_ver_'e—
reported immediately after exercise, Seeman (1978) found
that a delay rgsultéd in an even greater reduction. 'n;e

third hypothesis is based on these findings. 4

Hypothesis 3: Any-anxiety reduction due to exercise will be

greater on delayed assessment than on immediate assessment.

The present design attempted to'incorporate the more
P

-vigorous aspscts' of previous experimentation, and introduced -

some innovations. The mdin characteristics of the design

weFe: (1) appraisal of ph}slcal actl’vu:y level in terms of
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exercise intensity rather than work load, (2) the .
|‘neasurement of‘ aerobic fitness both intra-experimentally and
conventionally (i.e., by a modification Qf the Harvard Step
Test), (3) the use of a control group which performed the
same exercise task as th;a exercising group, but;. with 1;\0
external work load and (4) the assessment of state anxiety’s

both before and immediately following exercise, as well as

" after a delay.

v
Subjects: - ) . %
The subjects were 114 males who were students or

efiployees atMemorial University of Newjoundland. They
ranged in age from 16 to 44 years, with a mean age of 21.23

years and a standard deviation of 4.26. B
Subjects were recruited through advertisements placed

on campus bulletin boards, phone contacts, direct contact,

and in-class recruitment. Participation®was voluntary, and .

all subjects-were paid. The total time'requjred of each

sﬂ:ject was one hour. o .

dpparatus and Materials: %
The exercise portion of the experiment was performed on

a Collin's Pedalmate ergometer,* with monitoring of heart

rate and work load accomp!:ished on the accompanying Collin's

monitor:. This equipment is'designed such tha‘c work load may
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5 N be adjisted manually or automatically. : In“t:he present

i design, the ergometer functmned in the au:omatic mode. A
predetermined heart rate was se:, and vork load was varied
by the ergometer to reach and maintain this rate to within
five beats per minute. Subjects were connected to the ’
mogitor by an ear clip pulse detect¢r, or by a finger-pulse
detector which was modified for use with the Collin's

monitor. ‘- .

. Aﬁxlecy was assessed by self-report with the .
' State-Trait Anxiety, Inventory *(STAI) forms %-1 and X-2,

(Spielberger, Corsuch and'Lushene, 1970). Form X-1 assesses
' " state az;)élety (A-State); form X-2 assesses trait anxiety -
‘ (A-Traitj. Both forms consist of twenty statementfrelat;ed‘ .
u{o anxiety, with four choices following each. Form X-1 |
requlres the subjects to choose the response 'that describes '
their present state. Form X-2 requires them to describe how
" they generally feel. '
The modified Harvard Step Test refuired a step
adjustable for the height of the subject. Adjustments were

made according to the criteria given in Table 1, Appenc’li‘x‘B. CL

.o A Stop watch was used to time the duration .of the -

N exercise, the rest period and the step test. &

All subjects signed a release 'ﬁorm relinquishlng the to.

erimenter and the university of responsibility for "any
accident, hazard or other adverse consequence resulting from

;o participation". N . . . °
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Procedure: s ' al

\ i Ve - .
Before subjects committed themselves to the ekpetiment,
each was informed of the requirements; twelve T N .
pedalling an exerc.\se bike, twelve minutes of rest, several

questionnaires Znd-a one minute step test: They were told”,

Y that’all questions pertainlng to the purpose of the

experiment would be answered after the procedure was * .
ot complete& They were informed that all information was

. cohfidentiaf. Subjec\:s could dxscu\; nue at any time they [ ' .
b .

,felt it necessary, .and they vere informed of this fact, »*

Each subject was questioned about the presgnce or ' v X
history of cardiovascular problems. None of tHe volinteers

indicated‘any reason why exertion couid be dangerous for
him. Each then ccmpleted the srelease form. %
Ehen £ .

State anxiety level priorsto exerclse | o{PRE- S) was

assessed with'the State-Trait Anxiety Inventory. (STAI X-1J, B

. ‘(Spielberger, Gorsuch and Lushene, 1970) Fnllmung this, .

I form'X-2 of the STAI was adminlstered to obtain'an, index of . .
trait anxiety level. b '

The subject then was cohnected to the Collin's monitor

by means of the eak clip and tMe finger pulse detector. . & -

After one minute, tBg device providing the gore stable
readings wa$ left}in)place; the otffer removed. Subjects in
o the experiment ¥ groups then pedalled to a predetér‘ino‘e ’

heart rate. Th centrol subjects pedalled with na uurk load
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othqr than the normal resistance of ‘the pedals (i.e.,

. dinimal watt 1aad‘). : R S

Sub_]ects were_ assigned randomly with replacement tg one .
! of three: expers.mem:al cunditions or the control‘ group.
N Twenty- t'our exercised at a pradetermlned heart rate of 10Q

b i 29 at 120; 28 at 140; and the flnal 33 consﬂ“ted the

{m exertion control group . i N L
% - . o

K
. . Durlng the 12 minutes of pedalimg, readxngs uere made

1 oat pne minute 1nceryals of' the amounc of uork‘ performed,; m

watts Thus, for each subyecc there .were 12 readings. Work: . o

load tarv each subject uas calculated’ as the mean-of the last

four readings K The' exc).usisn of the first elght was

‘ necessary due™to a qrear. deal of" ‘fluctuation during the

- » ebrly minUtes uf the exercise, fluctuauons dues: the

. subjects' physiologica rk lnad.

.adjustment to chreased
The final.readings pruvided stable readings, and yield a

renable indication, uf each sub]ects uorkload at the pre set
hearc rate. $ ! ‘ b

The desired pedal speed for the.experiment od batvesh i
60 and 80 rpm. Subjects were asked to increase s’_pee(?v‘ ' o . ,’
gradually,. until they were within this range, .ang,.pﬁen ({;

y .- _try to maintaln it. Some were asked throughbut to alter
their speed to ensure all subjects pedalled uithin the same
range, (Note. the ergometer automatically adjusts pedal =

pressure .in relatiqn to heart rate in the ;alcula‘tivon sf

work load). *
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. The STAI, form X-1, was administered immediately after
exercise (IMMED-S), and again at twelve minutes after
exercise (DELAY-S). (This repeated testing design was
chosen over a design of one, gruup. for éach test in order to
keep n above twenty per gro\._\p.) During: the intervening ’
period subjects were asked ::p await the experimenter's

return for the completign of the procedure.
Elnally, each subject performed the step”tt? a cnn
minute version of 'the Harvard step test. Subjec height wvas

asses;ed anq the height of the step was adjus:ed accordlng

o
to the criteria in Table 1. Thg test requires thg subject

td step on a single step at ‘the rate of one step every two

seconds, for a total of thirty steps during the.minute.

. Heart rate.is obtaingd. for thirty seconds at one, two and

three minutes after. The fitness index is the.total of the

three readings.

Once the 'procequre was com‘;)leted, all questions ucré

answer'ed. All subjects were .debriefed; the purpose and H

“rationale wére explained. Each was informéd of the group to

which Dk had been assigned, andthanked for his

'parpicipétlun. 2 : ’ ,

"+ "Each sufect has measures on six variables; four
i d two dep - The, indep t variables

" were (1) inicial level of state anxlety, (PRE-S), (2) level

of tratt anxiety, (3) exer:ion /Ievel, and (4) level of

fitness. The glependent VaELasISE Wero (1) "anxiety scqres




P

Page 32

immediately following exercise, (IMMED-S) and (2) anxiéty
scores following' a deYay after exercise, (DELAY-S).
; 3 < 5

Results

Preliminary analyses were computed to determine whether
the fitness index‘ from ch? modified Harvard Step Test
correlated yit:h fitness assessed intra-experimeéntally. Th_e
latter was indexed by the mean work intensity ' (in watts)
over the last' four minutes of exercise. However, since
eiritse thtensity was werilpulated deliberately over ihe
three experimental conditions (i.e., excluding the control
group), it was necéssary to partial out hvean‘: rate in

assessing the relationship the Harvard and

\
intra-experimental fitness indices. The partial correlation

between the two fitness measures is 0.7234 (p<.001).
indicating that the indices are comparable ,in their

implications for fitness.

Analysls of the fitness levels across the four.groups

was computed with regard to the Harvard index. The means
are presented in Tablé 2. (All-tables are located. in
Appendix B.)Analysis of variance falled to yield signi¥icant’
aittérences (F(3,100)=1.040, n.s.), indicating that the

groups were comparable with regard to fitness.
For the purposes of the main anayses, fitnéls levels
were assighed to subjects according to:the fol-lau‘ing :

procedure. Subjects within each group were ranked on each .




. 2 Page 33

fitness index in turn. The two ranks were then summed and
divided by two to produce a mean fitness rank for each
subject. ‘Within each exertion group, subjects were divided
into high, medium, and low fit groups. An effort was made 5
to achieve equal numbers of subjects within each level.
However, unequal numbers in the exert‘gxn level groups, and
the presence of tied ranks made this impossible. Therefore.
fitness level contain numbers ;s close to equal as was

possible.

Fﬁrther preliminary analyses were computed to assess
the effects of level of trait anxiety and level o:f state
“anxisty prioF to exercise oh the exertion level by iEithess »
_ groupings., Table 3 presents the mean level c.f trait anxiety
for each fitness, exertion and fitness by exertion group.
Table 4 presents the results of the analysis on these means.
Level of trait anxiety did not .si‘gnlficantl’y'vary with
“either fitness or exertion level rior with their combined
groupings. Table 5 presents the mean level of state anxiety
prior to exergise for each fitness, exertion and fitness x
exertion group and Table 6, the analysis of these levels,
Level of. state énxlety prior to exercise dlci not
significantly vary with fitness or exertion level nor with
.thexr combined groupings. Becausé the matn analyses were
perfor\;aed on the square root transformation of the raw
scores the .above analyses were repea{ed using the square
root’ transformations of level of trait anxiety and the level
of state anxiety prior to exercise. ’mga.results were not
o
‘ 5 .
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" ;
different. from those already reported. These analyses have

been included in Appendix B, tables 12 through 15.

Analysis of covariance is the design of choice bel

of the correlation of the two independent variables, trait

" anxiety and leyel of state anxiety pricr:to exercise, with
the dependent variables. These correlations are presented

. in Table 7. ‘

- Data we;re analyzed us‘ing a two way analysis of
covariance design. Specifically, we analyzed.the effects of
! exertion level-and fitness level on the square root .
transformation of state anxiety scores immediately following
exercise and state anxiety scores after a twelve minute
delay, with trait anxiety and level of state anxiety prior
| to exercise as covariates. A sqlixare root transformation is

o a standard procedure to reduce heterogenéity in gaw scorep.

. The means of the transformed anxiety scores immsdiat:e:ly
. Rllowinq exercise for each-exertion level, fitness level
i . and their interaction are presented in Table 8, and the
) results of the analysis of covariance on these means ‘in
Table 9. For the analysis of the delayed scores, the means
of the transformed scores are présed:e& in Tablé 10, and the

analysis in Table 1
L v

The analysis revealed one significant effect, the
Y- effect of exertion level on the s'quare’ root transformation
_of DELAY-S scores, F=2.7463, df=(3,100), p<.0S. Eurt;her‘
a_nalyslis was performed using Dunnett's test for comparing

A
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experimental groups to the control, (Keppel, 1973). The
mean difference between those who exercised at 140 bpm and
the control mean was significant (p<.05). All other s

control/experimental differences were not significant.

) ‘ DRiscussion 4

To reiterate, this experiment was designed to assess
the effects of a short bout of exercise (12 minutes) on
level of state anxiety. Specifically, I hypothesized a
greater reduction in state anxiety level for ifdividuals
exercising at a higher exercise intensity. I also expected
level of fitness to mediate this effect in terms of speed. of
recovery from exercise stress (ie. that fitter indiyiduals
would show a'more rapid recovery and ’ence', a significant

.
reduction in level of state anxiety immediately following
.exercise) . Finally, I hypothesized that any anxiety
reduction due to exercise would be greater on a delayed

assessment than on the immediate assessment.

The level of exercise contributed significantly to the
anxiety reducing properties of the exercise session. ¢
Can’xpare‘d to he control group, only subjects exercising at )
the most intense éxercise levdl (140bpm) experiericed a ’ g ¢
significant decrease in anxiety. (This was evident only"
after a delay.) The control group experl.enced'céndumns SR

identical to the experimental groups except that the level

of exercise intensity was zero. This manipulation allows -

o
the conclusion that the difference in exercise intensity is
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an important variable to consider when assessing the effects
of exercise on anxiety levels. It is unlikely that this

finding is due to chance given the number of analyses

'(;ompu:ed in the study (i.e., only 13 tests of significance

were performed) .- This finding is supported by Morgan and
Horstman (1976), who found that state anxiety significantly
decreased 20 to 30 minutes after moderate and heavy exercise
but not af‘te_r light. Higher exercise intensity involves

greater production of ATP aerobically! higher Heart rate,

‘increased blood pressure, body temperature, and re§pir5t106

rate, as well as increased local muscle activity and

fatigue. Any or all of these. components may account for the

decrease in anxiety following exercise.

The finding is directly cohtrary, howevér, tosthat of
Andres, 'Metz and Drash (1978) who found only tf% lowest

" intensity of exercise to effect a rediction in anxiety. An

importan.t methodological distinction between the Andres et.
al., (1978) design and the present might explain this
discrepancy. This study and Morggh ang Horstman's (1976),
unlike that of Andres et. al., (1978), ipposed a delay

between exercise and time of anxiety assessment. The effect

of time of will be di later. . How r, the
only‘ study comparable to this assessment of exercise
intensity is Morgan and Horstman's (1976). The conclusion,
based on their study and the present ‘le is that greater
submaximal exercise intensity results in a greater decrease

in level of state anxiety as measured some minutes following




v “ Page 37
exercise.

Level of fitness did not exhibit the hypothesized
effect on state anxiety reduction following exercise (ie.
the fitness hypothesis was not confirmed). Immediately
following the -sesslon, fitter individuals did not show a
greater reduction in state anxiety compared to the less fit.
There are two ;:o!(pnnen:s to this hypothesis: (1) a
difference between groups due to fitness, and (2) the
pregence of state anxiety reduction immediately following

exercise. The only other study to address the first

‘ component was Stevenson's (1980). Her findings do not agree

. alrgady noted, Stevenson's (1980) design confounds fitness

" individuals. . The studies are, therefore, not comparéble.

with the present ones; she found a significantly greater.
decrease in level of state anxiety following exercise for

the more fit individuals than.for the less fit. As we have

with exercise intensity. In Her study, the independent

va:iable was work intenSity. " This definition results in
lower exercise intenslties"exi)erienced by the, fitter &
. -
However, a prdblem with the present desigi in Assessing the
effects. of fitness is the division of subjects into groups

on an a pusterio’rl basis. ' Such a procedure may produce

groups not sufficiently different from one another in

fitness to exhibit differences after a moderate intensity

exércise session (140bpm). -
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The second component of the fitness hypothesis is that

of effects being evident immediately after exercise. This

; study found no immediate effects. However, Morgan and

. Bahrke (1972) . Mordah (1973) and Stevenson (1980), reported

réductions in anxiety imediately following exercise. This
" :

discrepancy cannot be accounted for.

.

. The fitness hypothesis was based, in parF, on studies .
that have found that fitter individuals show a Greater speeh\ o
in recovery from psychosacial‘ stress (gox,, Evans and %

5 . Jamieson (1979); Keller (1980) and Sinyor, Schwartz,

. Peronnet, Brisson and Seraganian (1983)). Extending these

fingings to exercise research.results in the hypothesis of a
| more rapiéyecovary from exercise stress for the fitter --
\individuals. However, the design of this experiment was

such that speed of recovery could not be assessed adequately

because ‘only two data points were used. As a result, the

conclusion, with regard to the effect of fitness level on

i reduction in state anxiety following exercise, is that the

fitness le\(e'ls representétive of the _suhrjects .in this study

exhibited no significant influence on the reduction in state

= anxiety immediately followihg exercise.

As hypothesized, after the twelve minute delay’,
subjects showed greater reductions in level of state anxiety
than they did on the immediate assessment (only those who
exercised at 140 bpm). In fact, it was on this assessment

- - alone that subjects exhibited a significant reduction in
level of state anxiety. The.reason(s) for this are not E

\

-
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|
evident, but it is possible that a decrease in somatic

arousal over time maximizes anxiety redliction.

’x'he requxrement of a delay in extracting the sxercise
intensity effects has already been repotted by Mitchum A
(1976) and Morgan (1973). As well, Seefan (1978) found that
although décreases were evident at five|minutes following
the cessation of exercise, further decrements were evident
at’ 30 minutés. Other findings consitent with those
presently obtained come £rm|!‘ Morgan ahd| Horstman's .(T1976)
study of the time course of anxiety durfing exercise. Their

findings, of an increasé in state anxiefy during exercise

‘followew by a significant decrease at the tenth minute after
exercipe, suggest that a del#y-of a least ten minutes is
necessary for extracting the effects of| exercise. These -
findings suggest that anxiety reduction may be related to
recovery from exercise stress. That is|, as exercise stress
dissipates, so do anxisty symptoms. The difference being ’
that physiological changes induced by exercise ketdrn to
pasal level while anxiety symptoms return to baseline and *
beyond. To assess the questions posed by the findings
related to hypotheses 2 and 3, a design parallel to Morgan
and Horstman's' (1976) and Seeman !(1978) may be employed,
involving repeated assessments of. anxigty levels and level
of physiological arousal during and for| some’ time following
exercise. Specifically, this would allow us to absess the
time course of recovéry from exercise for fit and unfit

individuals. -
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! In summary, a moderate level of exercise (140bpm) vas
found to lead to a significant decrement in anxiety, which
was evident after a delay following exercise. An
individual's level of fitness was nbt found to affect the .,
benefits in the form of anxiety reduction derived from

exercise.

These findings have implications for the usefulness of
exercise as a_method of‘allevia:xng clinical leve_ls of
aﬁxiety. They *e based on a ccnserva‘tive es’timate of the
effects of an exex;cise session; the su_bjet_:'ts were from a
university population, one in which 1ev¢1:é of anxiety are

not expected to approximate clinical levels. Subjects

"suffering from clinical, levels of-anxieﬁy may be e: 'cted to

show g're'Ster rgal‘ief. In any event, there is no reason to

v
suppose that they should show a’ qualitatively differentas

response to exercise (Morgan, 1973).

Other cons‘iderations must be taken into account before
advocating exercise as a means of anxiety reduction in :
clinical populations. These considerations relate-to the
efficacy of exercise compared to the currently applied
methods and }‘to the optimal level of exercise for this
purpose. . Meditation has been shown to be equally effective

(Bahrke and Morgan,, L1978) as has rest (Bahrke and Morgan,
1

1978 and Morgan, Roberts ang Feinerman, 1971). In fact, the .

present findings suggest that immediately after treatment,
“these methods may be expected to provide greater relief as

h B
the delay inher'ently necessary in using exercise is
. ’ . . ]
L ' 0
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unnecessary with these treatments. As well, cxercise
requires careful l;mnltorinq by the patient to ensure that an
adequate and safe heart rate is achieved and maintained .over
some minutes. In other words, the patient must be fully
aware of the method of administration of hY

exercise-as-treatment. Until such-time as we can prescribe

. ¢ clear guidelines, it may be unwise to prescribe exercise as
.

(

.

such a procedure

e
. There are clear benefits, however, in using exercise

over theSe more ional methods. : exercise has

a'side effect of improved physical fitnoss letel (Cooper, .
1978) . Morgan (1976) hypothesized that repeated exarcise
may well lead to the prevention of the development of
chronic anxiety. Finally, Keller.(1980) has shown :Qi
repeatad bxercise ot only differentiates betveen iexerisors
and meditators on p))yslological"var_'iablt;s (1e,_ scep'tcst
recovery heart rate€), but on psychological measures as well

(ie. skin conductance) .

More research is needed to ascertain the relatjve time .

N -
courses and efficacy of exercise and. convéntional methods of

anxiety relief (eg. meditation, relaxation training, drug
therapy). Adequate comparisons of the methods are necessary
to asses@eir relatiye cuqcrxbucxons'm immediate relief
and the duration, of relict follwgidg a single sessien N
"(dosage). Long term studlies must assess their abilities to
maintain effica::y over treatments, their susceptibility‘to -
the development ‘of side effects, and the necessity and

<7
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feasibility of puntalnxng the treatment for extended

. i periods. To prescribe exercise over and above these more

conventional methods {s not yet warranted.
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Exercise is defined as physical activity of at.least
mnderete intensity and/or duration. It involves the
utilization of one or more among three energy systems: two

s an;erobic (adenosine triphos‘phate-phospho creat&nc‘ or
ATP-PC, and lactic acid) and one aerobic system. For
exercise of high intens‘x:.y and shor&u{ati‘on, (eg. maximal
effort of up to 10 seconds duration) only the ATP-PC system
is used. ATP-PC i; also used at the beginning of exercise

- “of lower output. In cases of lengthier periods of exercise
ATP-PC must be re'plénishedA The lactic acid system serves
such a funcfion. -According to Bouchard, Thibault and J\i

. R o ~
(1981), the lactic acid system is. important for exercise of

up to three minutes. Thereafter. for long'er"duration
exercise like running, jogging, cycling, ATP-PC is
replenished mainly through the aercbic system. Bouchard et.
al. (1981) describe these systems as acting
Synergistically.

Although the use of the aercbic system also implies uﬁx

use  of the anaercbic systems, the distinction between the
aercbic and nacrobic systems provides a basis on which type
6f exercise can be differenciated In the present
investigation, exercise refers to the predominant. usé of the
aerobic system, in the form of a twelve minute cycling

session. v -
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\
Eitness as used for the purposes, of this thesis is
synonymous with aerobic fitness. Aerobic fitness is indexed
exther by the level of physiological fespcnse to a given

work load, or by the maximal work load a person can endure.

Anxiety: Anxiety XT/ d in two forms, state
/ - anxiety and trait anxiety. Discussion of these is provided
by Spielberger, Gorsuch and Lushene (1970) in their .
develupmenr. of the State- Trait Anxiety lnventory (STAL) .
- ) . Definu:ions used here are based- oni their formulation of “the

concepts. - . B

State anxiety refers to "a transiﬁory emotional state
or condition of the human organism that is characterized by

. subjective; consciously perceived feelings of tension and

appr on, and hei nervous system
activity. A-States may vary in intensity and fluctuate over

time." (Spielberger et, al., 1970, p.3) A

Trait anxjety, rel:tive to state anxiety, is more
pervasive and fluctuates less. It refers to “rela('..\v.aly
stable individual differences in anxiety proneness"
(Spielberger et. al.{ 1970, p.3). An individual's level of
. trait anxietyr is stable over time and affects the Tevel of
w state anxiety experienced. An individual found to have a

high trait ‘anxlety score on the STAI form X-2 would likely
respond to an ‘anxiety provoking/situation uith elevations in
the score on the state anxiety scale, form X 1, of a greater

magnn:ude than an individual of lesser trait anxiety. .(“
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. Table 1. Height of step for given subject height'.
Subject height Height of step
7 o <5 ft ’ e ﬂ&
. . .
) 5' to 5'4" 14"
5'4" to 5'8" - 16" )
5'8" to 6' : . of 18"
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: Table 2. Mean stgb~§est fitness level
. for each ?certion group.
Exertion Group
—— . ) Control 100bpm - ° 120bpm 140bpm
% 113.42 - 105.04  112.55 . 116.07
B
n - -33 24, 29 .28
DA %
= . .
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Table 3. Means of trait anxiety level for each

group. o
% :
EXERTION- LEVEL \:
Control 100bpm 120bpm 140bpm X
F H 37‘.64\ 37.25 30.75 31.50 34,41
1 an @ © o) (@
T M 38.00 33.38 35.40 31.78 34.78 o9y
° ! .
N , (10) (® ) (9 37
E L 34.25 35.88 35,73 34.78 35.10
s™ a2 ® Al) © 0
s X- 36.52 35.50 34.24 °© 32.64 34.77 =
. (33 (24) @) e agy
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Table 4. Analysis of variance: Trait Anxiety

. by exertion level and fitness level.

Source ss

e
Exértion ‘246736
/7.928
ExE 347.315
Within 5024652

df

10:

3
2.
6
2

Ms

82.245.
3.964

57.886 °

49.261

F o S
1.670 N.S
0.080 N'S.

&
1.175- NuS.
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- " . Tabde 5. Meéan)level of pre exercise state
\ ’anxiety for each group.
S : . R '
] ‘. -
i 2 i " . EXERTION LEVEL
. <.+ . Contrcl 100bpm. - 120bpm  14Obpm X
. F H 3418 3£00 3388 . 29,70 '32.86
Ld 1 [y (e 0) o) @
Rl - 5 P, L
T~ T 34.40° 30.25 731.80.  31.89- 32.19 .‘
< : . . 5 \ -
e N (10) (8) (10) 9", (37)
3 E i\ 29.17  37.13 32,27 . 34.11 | 32.72 ATl
S, (12 8) (11) (9 (40)
.. s X 3242 33.79 32,55 31.82 32.60
L= H <15 3 ‘
-’ ‘ (33 (29) (29) (28) - (114)~
. o . . .
o ’ .
W W g TS
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SR b Table 6. Analysis of vhriance: Level. of state
- anxiety prior to exercise by exertion
‘ level and ﬁ}tness level. i " N
Ean . Wsource < ss ° af Ms R (
N , . ‘Exertion' 52.736 . 3 17.579 0.369 N.S.* . *
- o, Fitness  10.060 "2 ¥ 5.030 ' 0.106 N.S\ .
e ‘oo CEXE 492.626 “6 . 82104 -1.724° N.5.. : p
R Within' 4858.539 102  47.633 :
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Table 7. Correlations’between the covariates
'\ and the dependent variables. .
w A .
- IMMED-S DELAY-~S
L. s : " Trait Anxlety  .4113 * .5879
f ey } PRE-S .4736 % * ..6586 -4
- 9 ) = [
- * p<.001 v
\ . '
- . - R
e . y 2 8
% s . L "
N » i
: -
3 S 1
7. . PR
- ¥ ¢ .
o N

i .
. b . z
‘\«\ "“ #e 1
. i
‘\ ES
) . \\
: . « } .. * 5 b ..
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Table 8. Means of the square root “trgnsformation

group. (n)

immediate state anxiety scorﬁs for each
'

Control

H 5.67
(11)
M. »5.9} -
(10)
L 5.28
Sie)
5.61
(33) |

W oM Z A -

1

.

VG

EXERTION LEVEL

100bpm  120bpm  140bpm
¥

5.69 4 5.31 5.29
(® ® (10)
.5.46 (5.69 ,/%.75
(®) Q (10) ©)
5.43 5.90 *5.60
Q) (11) ©
5.53 5.67 5.54

(24) (29) (28)
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5.49
67
5.72
(37)
5.55
{40)
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Table’9. Analysis of covariance for the immediate scores. 7
i o5
Source ss  at Ms E -
Exertion .5706 3 .1902 .6425, N.S.
Fitness 1,200 ' 2 603  2.0388 N.5.
ExE 2.2882 6  .3814 1.7883 N.S..
within - 29.6020 100  .2960 : R
. :
3 ’
- .
.
. \
@ & \
. 1 3 -
. & \\ &
, ey
. - .
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Table 10. Means of the square root transformation of
delayed state anxiety scores for each group.

)
- EXERTIONN{EVEL j
Control 100bpm  120bpm  140bpm X
§E H 560 5.4t ) 503 198 5.28 '
I (11) (8) (8) (10 (3 -
T M. 5:6% . 5712 5.4% . 5.06 5.3¢
N (10) "~ (8) - (10 (9 (@7 ;
E L. 519 .532 547 .%540 5.34 !
¢ L 3 ‘e .
‘ s (12) = (® (12) (9)  (40)
‘s ' X 5.48  5.29 5.33, 5014 v
(33 . (2490 - (29) (28)
A .
° /’} .
3 . o
. \,
. < '
. ¥ .
: X
~ z - i ]
s E
PR & . )
. ¢ '
. -




Table 11. Analysis of covariance for the delayed

! ;

Source ss

Exertion 1 .O?Gl
éi;nasé 1344
ExE © 1.3425
Within  12.8190

-

-

—

df

3
2
6

100

MsS

.3520
L0672,
L2237
‘1282

.7463
.5243
7454
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Table 12. Means of the square root transformation

of trait anxiety scores for each group.

Contrbl

6.08
(11)
6.15
(10),
'5.83
(12)
6.01
(33)

. EXERTION LEVEL-,

A100}.>pm

6.09
(8)
5.75
(8)
5.98
(8)
s.94
(24)

)

120bpm  140bpm ~ X

5.53 5.58
(8) - (10?
5.91 .  5.62
RN
“s5!94 5.87
(11) (9,
5.82  5.68°
(29)  (28)
-~

5.83
(37)
5.87
(37)
5.90
(40)
s.87
(114)
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Table,13. Analysis of variance for the trait anxiery

\ 2 scores

~
Source ss df Ms F
- ¢ Exertion , 1.807 3 0.602 1.712 N.S.
S Fitness  0.102 2 0.0s1 0.145 N.s. |
i ExF- 2.4 6 . 0.402 '1.144 N,§.
. within = 35.884.. 102 :
L J ¢ P % g %
5 % - :
.
. " -
. . v #
PR Py v
t [
. L K}
. ‘e .
r o
M . . Var ;
- s < &
R 14
i \ .
. - e -
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- Table 14. Means of square root transformation of pro-
. - ‘exercise state anxiety scdres for each group.
. . :
e oy EXERTION LEVEL
T Twow Control 100bpm  120bpm  140bpm X
AT e -
5.83 5.81 5.79 543 5.7
(11) ® ® Y (o (-
5.84 5.48 . 5.62 5.64+" 5,65
(10) (8) (10) R 37)
5.37 6.02., 5.64 .. 5.8 5.67 _
(12) @  ay (9 (20
5166 5.77 5.67 -5.62  5.68
«
(33) (24) (29) (28)  (114)
2
-
. ] - ' <
; .
. 4 .
L
. e e
& o . ¥
] 4 ]
L -
2 \
,
o~ i & <

P
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Table 15. Andlysis offvariance for the pre-exercise :

state anxiety scores. 7
7 v :

N\
. A
Source ' sS af us 3
Exertion 0.291 . 3 0.097 0.267 N.S. $
Fitness , 0.064 toz, 0.032 0.089 N.S.
EXE - 364 . "6 , 0608 1.673 N.S. £
Within . 37,056 " 102 0.363
P .
L ~
' . N
& g \ -
-~ D
Id . ’ -
4 :
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