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ABSTRACT

~~During long—term physical petforinance tasks individuals rely on
feedback mechanisms which enable them to adjust the work load level.
‘I1~is feedback process is hypothesizedt~ ) to be important when successful
comp letion of the task andfor time limitations are imposed on the
ind1vidual~~~) to reflect on—going physiological changes~ and C3) to beaffected by an individual ’s personality which can modify the perception
or sensory informa tf.oi~

,,-~~~~~~i~~~ ion of the results from 13 of 14 male volunteers (18 to 27
/years old~ 56.7 to 85.7 kg) who rode a bicycle at approximately 65% S~ç~/ Max showed that Leg Fatigue and General Fatigue subscale scores from t~ePhysical Activity Questionnaire (PAQ) increased significantly from three
minutes to end—of—ride . Significant relationships were also found
between these subscales and electromyographic recordings , and between
these siibscales and cardiopulmonary variables. The same three minute to
end—o 1—r ide comparison made for the Cardiopulmonary subscale indicated
111:11 the subjects were not uniformly affected by the work . For this
S I Ib S(i l l.C , the scores for the short riders (<16 minutes) and long riders
(
~
32 minutes) increased significantly, but scores for intermediate

r hlers ([6—32 minutes) did not. Heart rate data for these groups also
showed this pattern across the groups. The Motivation subscale showed
i’ssentthlly no change throughout the ride. This finding was proposed to
he related to the instructions for the ride which were not intended to
be highl y motivating.

Results of a series of multiple regression analyses of the physio—
logical  dat.i obtained from 12 minutes into the ride indicated that
1) scores for the physiological data that were based on the percent of
their respective 3—minute values could be used to predict ride duration
(R = 0.94) better than the raw score form (R = 0.55), 2) General Fatigue
and Cardiopulmonary subscales in combination could be used to predict
ride duration while Leg Fatigue and Motivation added little to the
regression equations , and 3) the PAQ subscale General Fatigue with three
physiological variables in a combined analysis could be used to predict
total ride duration at an extremely high confidence level (R 0.99,
P 0.00l). Apparently, some additional variability related to feelings
of general fatigue experienced while performing this work task has yet
to be specified .

-~~nly one subscale from the three personality tests, i.e ., the
Disinhibition subscale of the Sensation Seeking Scale (SSS—DIS), was
related to total ride time. However, contrary to the inhibition/
satiation model proposed, the relationship was negative . Specifically,
individuals that performed best on this physical endurance task were
those who tended to show the lowest scores (the more inhibited persons).
This suggests that the original model that has as its basis the
inhibition/satiation hypothesis may not be sufficient . Perhaps specific
psychosocial, work intensity , and stimulus intensity factors must also
he considered .
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PHYSIOLOGICAL, PSYCHOLOGICAL, AND SYMPTOMATIC
FACTORS AFFhCTINC PROLONGED PHYSICAL PERFORMANCE

INTRODUCTION

• The subjective experience of fatigue has been proposed to be an
important factor limiting sustained physical activity (1,2). During
such work, the level of energy expenditure and/or the length of time
individuals will continue to perform must necessarily involve an ongoing
evaluation of the subjective symptomatology that  is associated with the
task. A basic assumption implied in this rationale is that the symp to—
matology changes reflec t changes in the physiological states of
individuals . Hence, the ongoing subjective experience provides the
individual with information about physiological functioning at a given
time .

Physiological changes which have been proposed to be among the
major contributing factors limiting sustained physical activity have
Included depletion of muscle glycogen (3), liver glycogen (4), and
muscle acidosis (5,6). While considerable data are available for
most of these factors, there still remain individual differences in the
duration of physical performance tasks which cannot be explained solely
on the basis of physiological variables. One possible explanation
hypothesized for these individual differences involves the inhibition/
satiation phenomenon which affects the processing of somatosensory
information (7). Several investigators (8—11) have shown that
individual performance differences can be related to personality types
that are based on the inhibition/satiation phenomenon .

Noticeably lacking in the area of factors affecting prolonged
physical performance is a model which attempts to show the possible
relationships among such physiological and psychological variables as
those just mentioned . Such a model is now presented in Appendix A ,

1. Kinsma n , R .A. et al . Ergonomics 16:211, 1973
2. Weiser , P .C . et al . Med Sci Sports 5:79 , 1973
3. Hultman , E. Scand J Clin Lab Invest 19(Suppl 94):l, 1967
4 . Issekutz , B . et al .  3 Appi Physiol 29:691 , 1970
5. Hermansen, L. and 3—B . Osnes. 3 Appi Physiol 32:304, 1972
6. Osnes, J—B . a~~ L , .  Hermansen . 3 App i Physiol 32:59 , 1972
7. Lynn , R. and H.J.  Eysenck . Percept Mot Skills 12:161 , 1961
8. Wj tkin , H A .  et al . Personality Through Perception : An Experiment

and Clinical Study . 1954
9. Parley , F. and S.V. Farley . 3 Consult Psychol 31:215 , 1967

10. Eysenck, H .J . The Biological Basis of Personality . 1967
11. Petrie, A. Individuality in Pain and Suffering . 1967
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Figure 1 . Brie n l y , when the individual decides to initiate or continue
the work (A), a modific ation of e f f o r t  (B) i s  r n i r~~l to some w nr~z
r e f e r e n ce  (C) . The ta sk  w i l l  begin or continue i ’vided that a physical
l imitation (I)) is not present  which would c : i u s &  t~~1e in d i v i d i ’a l  to s top
(E) . As the task cont inues , physiological  responses (F) occur which
give r i s e  to sensory cues (C) whose pathways extend to s p e c i f i c  and
n o n — s p e c i f i c  areas of the th a la rnus  and l imbic  sy s tem , provided  tha t  the
i n d i vi d ua l  is a t t e n d i ng  (H) in some select ive manner  to the phys io log ica l
responses . These cues ar ’-i ce at  the  somatosensorv co r t ex  which  are
In t r e p r e t e d  by the ind iv idua l and given labels in the  f o r m  of symptoms (I )
The symptoms are eva lua ted  by the  Individual , and the d e c i s i o n  to stop
or to continue is then made . Pe r sonaUty  (J) and task requ i remen t s  (K)
serve to mod i fy  the i nt e ; i s i t \ ’  of the phys io logica l  responses , sensory
cues , and/ o r  sympt omat ologv at each level . Feedback loops are inc luded
to account  f o r  the e f f e :~ts of t ra ining and pa tho logy  (L) . S p e c i f i c
symptom at i c  m a n i f e s t a t i o n s  of phys io log ica l  events  tha t are  rela ted to
b icyc le  ergometer  work are a lso  shown on Fi gure 1.

Su b jec  t s

The s u b j e c t s  were 14 male students ranging f r o m  18 to 27 years of
d~~C and wei ght  f r o m  56 .7 to 85 .7 k g of body weight (Appendix B , Table 1).
The 14 volunteers were selected from physical education classes at the
University uf Colorido . The educational malors of the volunteers
inc luded p o l i t i c a l  science , a r t , and basic science as well  as physical
e d u c a t i o n .  Fo r p a r t i c i p a t i o n  in the stud y the su b j e c t s  received no
monetary  reward but were told that  they would receive i n f o r m a t i o n  regarding
the i r  present  s t a t e  of ph ys ica l  f i tness .

General Procedure

Fol lowing a b r i e f i n g  in thei r  classrooms the v o l u n t e e rs  were sent to
the s tudent  hea l th  cen te r  for  ph ysical examinations to determine if they
had any phys ica l  c o n d i t i o n s  which  would preclude safe participation in
stre~iuous phys ica l  exe rc i se . Prior to beg inning  the  s tudy  al l  par t ic i -
pan ts  read and s igned an in fo rmed  consent s t a t e m e n t  (Appendix  C) , in
which they acknowledged  t h a t  the general i n t en t  of the research , the
procedures , and the possible health hazards had been exp lained to them.

On the  morning  of each test session the subjec ts were told to ea t
onl y a l i gh t  b r e a k f a s t  (e .g . ,  toast  and ju ice) . They arr ived at the
labora tory  between 0700 and 1200 hours fo r  each t e s t  session . The
schedule of the r ides  is presented in Table II . Each r ide was separated
by a min imum seven—day period to reduce the lik~ 1ihood of any pract ice
e f f e c t s .  The maximum oxygen uptake  procedure (V0~ Max) tha t was per-
formed in Session 2 fo r  subjects  1—9 was combined~ w i th  the f ami l i a r i za t i on
ride in Session 1 for subjects  10—14 . This change was made because
subjects  1—9 were asked to return for an add it iona l ride at  85% of
Max tha t  Inc luded a five—minute warm—up . The r esul ts of the 85% ~~~ Max
ride wi th  t h e  warm—up wi l l  not be discussed as par t  of the t h e s is .

2
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With this change , subjects 10—14 were told , as were subjects 1—9 , that
the study would require three rides, and the number of p rac t i ce  t r ia l s
where the Physical Ac t iv i t y  Questionnaire (PAQ ) (Appendix D) was given
rema i ned the same . The additional amount of time that subjects 1—9 spent
on the bicycle ergometer (three five—minute in te rva ls)  should not have
of fe red  any last ing practice e f f e c t s.  Supportive evidence for  this  con-
t en t ion  is offered by the ride durations for  the two groups on the 65%
V02 

Max endurance ride which were CX Range) 34 .9 mm , 9 .9—65 .5 min~ and
35.2 mm , 12.3—68 .9 mm for subjects 1—9 and 10—14 respectively. Upon
completion of both endurance rides, each subject was given a copy of the
thesis proposal, and questions regarding the entire study were answered
at that time.

The Intent of this thesis will be to test those aspects of the model
(Figure 1) which propose that symptomatology changes experienced while
riding a bicycle ergometer are related to physiological alterations
(i.e., F with I) and that personality differences (J) affect the duration
of the task . The study is reported in two parts: (1) relationships
between svmptomatology reports and physiological changes , and (2)
personality and ride duration . The results show tha t differences in
ride duration can be predicted from physiological and symptomatic factors
and that differences in ride duration are related to personality factors.

RELATIONSHIPS BETWEEN SYMPTOMATOLOCY REPORTS
AND PHYSIOLOGICAL CHANGES

Selection of variables to test for relationships between physiolo-
gical events and subjective symptomatology should consider the amount of
information that is known about each area. To determine an accurate
figure would be difficult; however, it can be reasonably assumed that
considerably more information is available regarding physiological
responses. This suggests that the approach which begins with the
selection of symptomatology reports that may be related to physiological
events would have considerable merit. Recently, unidimensional scales
of effort or fatigue (12 ,13) have become popular . However , such scaling
techniques tend to ignore the essential complexity of the subjective
work experience and thereby provide only a partial description . The
Physical Activity Questionnaire (PAQ) (1,2) was introduced to overcome
these limitations .

The PAQ is a self—report inventory that was developed to assess
the subjective symptomatology experienced during work on a bicycle
ergometer . Key—cluster analysis of a large group of items yielded

12. Borg, C. Physical Performance and Perceived Exertion . 1962
13 . Pearson, R.C. and G.E . Byars. USAF School of Aviation Medicine .

Report No. 55—115 . 1956
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se lee groups ( c l u s t e rs)  of symptoms for w~: ich subsca lo  scores could
be o b t a i n e d  by summ ing  the raw sc~~rc ratings of i~ ens tha t comprise each
cl uster . The fundamental concept which entaiis üie specification of —

general and uniquc factors was used by Spearm an ~l~~) who app l ied this
concept to his earl y work on intelligence . Weiser et ~i . (2) and Kinsman
et a]. (1) reported tha t the PAQ fac tor structure contained two general
clusters (General Fatigue and Motivation) and two specific clusters (Leg
Fat i gue and Cardiopulmonary Distress) . While the general f a c t o r s  may
account f o r  a subs tan t ia l  amo un t of v a r i a b i l i t y  in the score space , the
spec i f i c  f a c t o r s  a l low for  the evaluat ion  of simi lar but  in some uni que
way d i f f e r e n t  test  s i t u a t i o n s.  I t  was ant ic ipated t ha t  the subscales
would provide a more complete description of the subjective experience
of prolonged work on the  b icycle  ergometer and tha t  more accurate pre-
dict ions (of such factors as ride duration) could be made from the sub—
scale scores than from a single PAQ total score .

When designing ex per imen ts involv ing human subjec ts , the procedural
requi remen ts are o f t e n  we ighed against the anticipated results . For
exam ple , the studies in Hultman (3), Issekutz et al . ( 4 ) ,  Hermansen and
Osnes (5) require considerable technical and financial support that is
not  a lways  read ily ava ilable . However , noninvasive procedures such as
electrocardiographic (ECG) recording (15), s u r f a c e  e l e c t r o m y o g r ap h i c  (EMG )
assessment (16), and resp iratory function (17) can be performed wi th
re la tive ease and r e f l ec t impor tan t changes tha t occu r d ur ing physical
work . From such moni t o r i ng ,  informat ion  rega rding cardi opulm onary and
fusimotor system changes can be determined .

This chapter will provide data which may establish re la t ionsh ips
between syniptornatology reports and physiological events . The hypothesis
will be evaluated by using four subscales of the PAQ , which sho uld
provide adequate information on subjective symptoma tology experienced
during the work task . While the General Fatigue and Motivatioi~ subscales
will be administered , hear t rate (HR) , vol ume of gas exp ired (VE BTPS),
resj)lratory rate (RR) , tidal volume (VT), respiratory quotient (RQ) ,
oxygen uptake (V02 ) ,  estimated cardiac output (CO), and es tima ted stroke
volume (SV) wi l l  Be recorded as variables to be specifically related to
the cardiopulmonary subscale . EMG recordings tha t will be related to
the Leg Fatigue subscale will include peat—to —peak amplitude and duration
of the signals f rom the quadriceps f emoris (vastus lateralis)  and
gastrocneuiius muscles .

14 , Spearman , C. Am J Psychol 15:268, 1904
15. We i ser , P.C. et al . Fed Proc (Abstract) 30:372 , 1971
16. Lloy d , A.J. et al. Ergonomics 13:685, 1970
17 . Gleser , M .A. and J .A. Vogel . J App l Physiol 31:735 , 1971
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METHODS

ra tus

Figure 2 presents a diagram which depicts the physical arrangement
of the work situations . The work was performe d on an electrically
braked bicycle ergometer (Quinton) . Expired air was collected using
open circuit spirometry with the subject wearing a face mask (Monahan)
which led to a dry gas meter (Parkinson—Cowan) , and f ina l ly in to meteoro-
logical neoprene bags. The dry gas meter was checked for calibration
three times during the course of the experiment (error ~2 L/lOO L). The
dry gas meter was interfaced with a chart recorder (Physiograph , Narco—
Bin) to p rovide a permanent record of volume (

~ E) and respiratory rate
(RR). The expired air was analyzed for 02 and CO2 (Godart Rapox and
Capnograph analyzers, respectively), and the analyzers were checked for
calibration before and after each ride with 02 and CO2 gases which had
been analyzed by using the Scholander technique (18). Heart rate was
determined from an electrocardiogram recording that was obtained with a
telemetry unit (Narco) attached to the subject. Intermittent recording
of the ECC. was maintained .

The sixteen PAQ items (Appendix D) were shown to the subjects on a
screen placed directly in front of the bicycle ergometer . A slide
projector presented each item individually and its 5—point Likert—type
rating scale . Selection of the items was based on the results of work by
Weiser et al. (2) and another report in preparation . The number of items
within each scale was restricted to four to minimize the time needed to
complete the questionnaire . Four separate sequences of the sixteen items
(four subscales with four items each) were arranged in the circular slide
tray with each sequence separated by black slides. To reduce the likeli-
hood of establishing a response set, the items were randomly presented
within each sequence with eight items scaled from absent to severe and
the remaining items from severe to absent . Furthermore , the severe—to—
absent and absent—to—severe scaling of each item occurred twice in the
four  sequences . The PAQ reports were obtained by asking the subject to
hold up one to five fingers to indicate the number that corresponded to
the adjective for each item that described how he fe l t  a t  that  moment.
The responses were recorded on a standard computer card form sheet . The
approximate time required to complete the PAQ was one minute 30 seconds
to one minute 45 seconds.

The EMO peak—to—peak amplitude and duration measures were obtained
by measuring each trace on the strip chart records with a plastic ruler
and a magnifying glass . Each score represented the mean value of ten
bursts that were taken from the period during which the other physiological
measurements were obtained.

18 . Consolazio , C .F. et al . Physiological Measurements of Metabolic
Functions in Man . 1963, p 72
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Procedure

Table I I  of Appendix B shows the sequence of the tes t  sessions.
During the f i r s t  session the subjects  read and si gned a sub jec t  informed
consent statement wherein they acknowledged that the general intent of the
study had been explained , along with the possible risks involved . Follow-
ing this the three personality questionnaires were administered (see
section titled , Personality and Ride Duration), and for familiarization
purposes, the FAQ was completed three times while riding the bicycle
ergometer. As noted in the General Procedure section , this ride consisted
of three submaximal 5—minute rides for  subjects 1—9 , and the V02 Max r ide
for  sub jec t s  10—14 .

De te rmina t ion  of V02 Max values were made according to a continu-
ousl y graded cycl ing protocol similar to tha t  described b y McArdle et al .
(19) . An rpm meter was mounted on the handle bars of the bicycle ergometer .
B r i e f l y ,  each subject  began pedaling at approximately 60 rpm and at  a
work load which insured a minimal 5 —minute work period prior  to the
beginning of the gas col lec t ion . Every two minutes  the work load was
Increased 200 kpm u n t i l  the subject  could no longer cont inue . As the
subjec t ’ s hear t  r a t e  approached 170 bpm , he was repeatedl y asked how muc h
longer he could c o n t i n u e . Gas was collected when it  was f e l t  that the
subjec t  had approximate ly three minutes remaining ( i .e ., t h r e e  one —minute
samples). The 65% and 85% work loads were th en estimated by using a
graphic representation of work load against V02 found in Table A—3 from
Xstrand and Rodahi (20). Therefore , accqrding to this work pro tocol the
intended work load of either 65% or 85% V02 Max was to be reached at five
minutes Into the ride . This does not infer that these respective work
loads were maintained throughout  the ride . Onl y one occasion was this
estimate observed to be to ta l ly inaccurate , and the subjec t was told
to stop and was asked to re tu rn  on another occasion when the work load
was reduced to the appropr ia te  level . The endurance rides were counter-
balanced with half of the subjects receiving the 65% 1~O~ Max first and
the remaining subjects receiving 85% 

~~~ 
1~iax first.

Immediately preceding the first endurance ride , the motor point of
the quadriceps femoris (vastus lateralis) muscle was found by determining
subjectively the location at which a low voltage muscle stimulator
elicited a maximum contraction . The same procedure was followed for
the gastrocnemius muscle , and both points were marked with a 70% solution
of aqueous AgNO3 and fixed with a film developing fixer . This procedure
allowed for rapid placement of the electrodes during the second ride and
worked well In most cases . However, the subjects were asked to return
and have the spots re—marked if they began to fade. Two EMG bi—polar
surface electrodes (silver—silver chloride) which had been mounted on a

19. McArdle , W .D . et al . Med Sd Spo r ts 5 :156 , 1973
20. ~strand , P. and K . Rodahi . Textbook of Work Physiology . 1970, p 619
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wooden support were affixed over the motor point areas as close together
as possible to attempt to reduce movement a r t i f a c t s . The ground electrode
was p laced on the posterior surface area above the  ulna near the styloid
process . The ECC surface elec trodes were placed as nearly as possible
to approximate the V~ position for ECG recording . The subject was then
placed on the bicycle ergometer where the face mask was positioned ,
and interfacing connections were made with the recorder . Prior to and
subsequent to each ride, maximum contractions of the vastus lateralis and
gastrocnemius muscles were performed . The recovery pattern , i.e., the
amount of decrement or Increment relative to the pre—ride values, showed
no consistent relationship to the degree of the decrement tha t was found
during the ride .

To begin the experiment the subject was told to begin pedaling at
60 rpm and “to keep pedaling at 60 rpm until you canno t maintain that
rate any longer .” The subjects were periodically asked how they were
doing, but to provide a similar external motivational environment for
each subject, no further encouragement was offered . Recording of the
physiological data occurred during the one—minute interval prior to the
following indicated sample times, while the symptomatology reports were
obtained in the period immediately afterwards . This was done to reduce
the likelihood of the PAQ procedure affecting physiological measures,
e.g., respiratory rate. The scheduled recording of the physiological
and PAQ data occurred at 3, 6, 9, 12, 20, 30, 40, etc , minutes until
the subject indicated that he was going to stop . When the subjec t wanted
to stop he would hold up two fingers, indicating that he would ride for
two additional minutes. The FAQ was then begun, and one minute later
the physiological measurements were taken for a one—minute period . The
work load was then immediately reduced to 200 kpm , the respira tory mask
was removed, and the subject was told to keep pedaling at a rate that
felt comfortable to him . ECG and blood pressure were monitored during
the subsequent 4—5 minute cooling down period .

Test Scores and Statistics

The cardiopulmonary measurements, excluding HR, VT, and RR were
calculated using standard Haldane computational procedures (21) and
Rushmer tables that were contained In the program MAX (see acknowledge-
ment in Preface). The HR and RR values were obtained from the chart
recordings during the one—minute periods noted above . The VT values
were then calculated according to the following equation : VT = ‘IE/RR.
Since the raw score form of certain of the physiological measures will
vary according to each individual’s capacity (e.g., 

~
E)
~ 

a score that
was based on the percent of change relative to its 3—minute value was
also calculated and included In the correlational analysis. The 3—minute
value was used instead of the baseline score since It was speculated that

21. Haldane, J.S. and J.G. Priestley . RespiratIon . 19
357



;int lr ipatlon of the exercise bout would likely elevate the baseline
values of several of the cardiopulmonary measurements. These calculations
were performed for 

~‘F, ~~°2’ RQ, CO, SV, }~~, ~R’ and V T. References to
these values  wil l  include a “P” preceding the symbol (e.g., PRQ). One
exception is 1402 M x , which represents the percent of Max based
upon the subjects’ V0 Max work load determination ride . 

2This procedure
has the value of equa~ing subjects based upon their individual capacities .

Each of the FAQ subscale scores was computed by summing the raw data
scores for the items that comprised their respective subscales. For
a more complete description of the procedure, see Kinsman et al. (1) and
Weiser et al. (2). The Pearson product—moment correlations and the
multi ple step—wise regression analyses, that were used to determine
relationships between the PAQ subscales and physiological data and to
predict ride duration by using PAQ subscale scores and physiological
data respectively, were accomplished by using the Statistical Package for
the Social Sciences system (SPSS). The data for the simple correlational
analysis between the PAQ subscales and physiological measures were com-
prised of all of the observations for all of the subjects throughout
their respective rides (total = 86). This was done because It was viewed
that at each point in time the subscales should reflect the current
physiological status of the subject. While the shortcomings of this
procedure are recognized (e.g., an individual contributing some unique
source of variation), the additional data obtained for the Leg Fatigue
and ENC correlations for which there were missing data (see results) offered
additional merit for this approach. To determine the significant changes
from 3—minute to end—of—ride for the three groups of subjects (see results),
t—tests for related samples were used . The 0.05 confidence level was
used in all cases for determining significance . When missing data
occurred , the missing data options contained in the programs were used
if appropriate. With the exception of the EMG recordings , missing data
occurred only at three points within the entire study.

The 85% V02 Max ride data were intended to provide validity forPAQ ~ubscale changes by showing higher subscale scores relative to the
65% V02 Max ride. However, because of short ride times for several
subjects (5 of the 14 did not reach the 9—minute collection period) and
the relatively large number of missing EMG data points (five complete
sets and several others which were incomplete), the 85% V0 Max ride
was dropped from further consideration in this section . T~e results of
only 13 subjects, the ones who completed the 65% V02 Max ride will be
discussed in detail in the subsequent section.

In the subsequent analysis and discussion of these data , subjects were
separated into three groups. The subjects who rode 32 minutes or less
were placed into o~e of two groups: Group 1 (N 4) consisted of those
who rode legs tl~an 16 minutes , and Group 2 (N = 4) consisted of those who
rode between 16 and 32 minutes. The remaining five subjects (Group 3)
were clearly distinct from groups 1 and 2 in that all of their ride times
exceeded 54 minutes . With this categorization additional information



could ht’ obtained by comparing the results cf long, intermediate , and
short riders . The presentation of the PAQ subscale and physiological
changes of the three groups are graphically dep ic ted in Figures 3 to 8.

R.ESIJLTS

The overall work characteristics for the 13 subjects are sununarized
in Table I . • Means and standard deviations (X 

± SD) for ride duration and
percent of V0, Max at which subjects rode were ~3 .0l 21.98 and 66% ±
6Z respectively .  Following the calculation of values for subject S
It was determinçd that at five minutes his rides were being performed
at 79% and 99% V02 Max, instead of 65% an4 85% respectivel y. Theref9re ,
the decision was made to include his 79% V02 Max as part of the 85% V02
Max ride data of other subjects and to drop the 997. V~ 2 Max from further
consideration . Such a decision was considered justified since the
instructions for both rides were the same.

Leg Fat 1~ ue and E1ectromy~graphic Responses

Time course changes on the Leg Fatigue subscale for each of the
three groups are presented in Figure 3. Because of the differences in
ride duration , the mean value for the final data point is based on
their end—of—ride scores . Inspection of this figure indica tes that by
3 minutes the scores of the short riders were slightly elevated and by
end—of—ride the scores had reached a higher level than did the scores for
either group 2 or 3. The results of the t—test for related samples for
the 3 minute to end—of—ride changes have been summarized in Table III.
The 3-minute to end-of—ride changes shown in Figure 3 were all found
to be significant at the P ~0.05 level and beyond .

to determine the significant relationships between the Leg Fatigue
subscale and the pre—selection physiological variables (i.e., amplitude
and duration of the vastus lateralis and gastrocnemius EMG signals),
Pearson product—moment correlations were computed for all data entries .
The results of these analyses and those computed between the other PAQ
subscales and their pre—selected physiological measures are summarized
En Table IV . Because of technical difficulties , which were probably
attributable to movement artifacts, the ENG tracings of several subjects
were unint erpre tab le . By the end—of—ride, subjects for which there
existed complete data were: Group 1, N — 3; Group 2, N 3: and Group 3,
N = 2. The duration of the EMC signals from the vastus lateralis and
gastroceemlus were significantly related to Leg Fatigue scores (Table IV).
Therefore, if the EMG signals were graphically presented , a similar
pattern of scores to those depicted in Figure 3 should be apparent .
Figure 4 shows the changes in the duration of the gastrocneiuius EMG
signal. Across time a general decrease is evident for all groups: however,
Groups 1 and 2 show a substantial recovery during the final minute of
their rides . The t—test comparisons of these 3—minute to end-of—ride
changes (Table III) indicate that Group 1 scores did not decrease
significantly, but that Groups 2 and 3 did .
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Cardli’puimonary Subscale Changes and Measures of Cardiopulmonary Function

Graphic representation of the mean Cardiopulmona ry subscale scores
fo r  each of the three groups of subjects are presented in Fi gure 5.
DIffere~nces in the rate of increase among the three groups of subjec ts
can be seen . Group 1 showed substantial increases from 3—minute to end—
of—ride : Groups 2 and 3 had only minimally elevated scores . The t—test
comparisons of these 3—minute  to end—of—ride  changes revealed tha t the
scores for  both Groups 1 and 3 were s i g n i f i c a n t ly  increased , b u t  not fo r
Gro up 2 . A non—sign i f i can t  increase f rom 3—minu te to end—of—r ide  does not
necessarily infer that the same resul t would be t rue if pre—ride scores
were compared to the end—of—ride ratings. Inspection of Table IV, which
l i s t s  the correlat ions between the Cardiopulmonary subscale and the raw
score form of the ten pre—selected cardiopulmonary measures , indica tes
tha t heart rate (HR) was the only cardiopulmonary function significantly
related to Cardiopulmonary subscale scores. The additional nine correla-
tion coefficients between Cardiopulmonary s4bscale scores and scores based
on percent of 3—minute values showed that PV02 and PVT were significantly
related. In this case it would appear that the raw score form of heart
rate was superior to the PHR calculated scores . These f indings also indi-
cate that an increase in the report of cardiopulmonary sensations should
be associated with a change in FIR , P~JO2, and PVT. Therefore , as with the
duration of the gastrocnemius EMG burs ts, the HR data were selected to
determine if similar pa t t e rns  of changes for these three groups of subjects
could be found . These changes are presented in Figure 6. Supportive evi-
dence for the subscale changes as reflecting underlying physiological
events Is apparent . While all three groups showed significant 3—minu te to
end-of—ride increases (Table III), Group 2 heart rates increased from 3
to 6 minutes , but remained relatively unchanged thereafter . Thus , the non—
significant increase of the Cardiopulmonary subscale by Group 2 noted
earlier does appear to have some suppor t based on the inspection of these
heart rate changes.

Gene ral Fat i gue and Related Physiological Responses

The mean General Fat igue subscale scores for  the three groups of
subjects across time are graphically presented in Figure 7. Comparison
of the changes among the groups indicates that the responses of Groups 1
and 2 were similar ; they reflected a relatively rapid and almost linear
increase from 3—minute to end-of—ride . While the responses of subjects in
Group 3 were also approximating a linear increase , the rate was more
gradual . The 3—minute to end—of—ride t—test comparisons were all signifi-
cant beyond the 0.05 confidence level. Since the state of general fatigue
was hypothesized to have as its physiological basis input from several
systems, correlation coefficients were computed between General Fatigue
subscale scores and all of the physiological measurements obtained. The
results of these computations are presented in Table IV . Of the 23
coefficients computed , 12 were significant . Such a finding suggests
that determinants of General Fatigue reports arise f ro m a variety of
sensory information . Also in this analysis when the scores for cardio-
pulmonary function represent values based on percent of a 3—minute score
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wcrc  used , a subs tan t ia l  laiprovement in the magni tude  of the c o r re l a t i o n
coeffici ents occurred . A figure which represents changes for one of the
physiological v~ riab1es that was found to be related to General Fatigue
has not been included at this t ine , It is this autho r~ s opinion tha t
s u l f i c i e n t  cmpli~ sis on group differences across time included in the pre —
sentatlon of the Leg Fatigue and Cardiopulmonary subscales need not be
demonstrated fu t th e r . Table I~ and Figure 7 provide addi t ional  informa t ion .

ton ~~~~~~oiPii,~ a~
]:. ~~~~~~

The f i n di n g s  for  the Motivat ion subscale are i l l u s t r a t e d  in Figure 8
for each of the three groups of subjects. Inspection of this figure
In d i c a t e s  tha t the groups began at essentially the same level , and
while the scores for Group 3 decreased from 3 to 9 minutes  ( i . e ., reflec-
t in g  an increased motivation level), their end-of—ride values were
relative ly unchanged . The t—tests for related samples computed between
chc’ 3—minute and end—of—ride scores (Table III) indicated that none of
the end -of—ride  scores increased s ignif icant ly above the 3—minute level .
The only suggestion of a change can be seen between the mean end-of—ride
value and the mean value (circled) for that  collection period by Groups 1
and 3. The relatively increased reports above the mean end-of-ride score
of the remaining subjects during those specific points in time could
indica te  that  these subjects did in fact  experience a decreased level of
motivation .

l’r ed i c t i o n of Ride Duration

The purpose of the multiple step—wise regression analyses performed
In t h i s  section was 1) to ident i fy  the physiological  f a c t o r s  which  account
for the greatest amount of variability in r ide dura t ion , 2) to compare
the results of tha t analysis with the PAQ subscales anal ysis , and 3)
to show the relative importance of the subjective experience of fa t igue  by
per fo rmi ng an analysis that includes the physiological f ac to r s  and the
PM) repor t s .  Because of the differences in the magni tude  of the correlat ion
coefficients that have been observed between the raw score form of the
physiological data and values that were based on the percent of 3—minute
values , a reg ression analysis was also performed for  each form of the
data . The data used for these analyses were obtained at  12 minutes into
the ride. This per iod was selec ted based on PAQ resul ts  f r om an ea r lier
report (2). Since there are only four PAQ subscales , the regression
anal ysis performed on the ph ysiological data was also limited to four
steps. Add itionally, no F or tolerance level was established for entry or
deletion of the variables in the equation so that four steps would be
completed to allow for comparison of the results  for each anal ysis . The
resu l t s  of the four analyses are summarized in Table V.

The results of the analysis, wherein the raw score form of the
physiological data was used, indicate that these variables were only
able to account for minimal amounts 9f the variability in ride duration .
The four variables, R.R, ~1R, RQ, and V02, were only able to account for
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lU~’ of the variability in the dependent measuro (R’ x 100), and at no
t i m e  during the step—wise procedure was the amount of va r i ab i l i ty
determined to approach significance .

In the second analysis, with the use of the percent of 3—minute
values , substantial improvement was found. First , the simple r for each
of the four variables (i.e., PRQ , PVT, PVF, and PSV) was in general hi gher :
the m u l t i p l e  R was Increased to 0 .94 which accounts for 89% of the
variability. Additionally, the significance level began beyond the 0.05
confidence level and continued to improve through the third step and
decrease slightly with the inclusion of the fourth variable. These four
variables show the highly desirable charac teristics of being related
to the dependent variable while being relatively unrelated to each other
(X 0.24). This can be seen by the substantial increase in the multiple
R at each step.

The next regress ion analysis presented in Table V summar izes  the
results obtained when the four PAQ subscales were used. The resul ts
of this analysis are different from either of the two previous analyses
in  tha t while a s u b s t a n t i a l  amount of va r i ab i l it y  in r ide  du ra t ion  was
acc o u n ted  f o r , the more desirable  cha rac t e r i s t i c s  exh ib i t ed  by the
variab l es In the second ana lysis are lacking . While al! the subscales
were , In general , moderatel y related to ride duration (X = —0 .48 to
—0.77), the  relativel y small increase in the multiple R after the firs t
step (General Fatigue) Indicated that the subscales must be substantially
related to each other (X = 0.64). Such a finding is not totally unexpected
because of the somewhat high intercorrelations that were noted by the
deve lopers of the subscale .

The final analysis presented in Table V is the result of the re-
gression of the physiolog ical variables (i.e ., those based on the percen t
of 3—minute values) and FAQ subscale scores . The four ,variables selected
In this analysis were General Fatigue , PRQ, PVT, and PVE. It can be
observed that while the order of the first three variables remained the
same in the analysis in which only the percent of 3—minute scores were
used , General Fatigue was the most highly related variable to ride duration .
Additionall y , wi th the inclusion of General Fatigue a substantial improve-
ment in the multiple R and F values were found.

COMMENT

To identify specifically certain physiological variables as the
unique contributors to each of the subjective states reflected by the
FAQ subscales could not be a realistic goal with only 14 participants .
Rather , this study was Intended to demonstrate the utilit y of such
research and to assis t in making logical decisions conce rning future
research of this nature . Also , i t  was not assumed tha t the physiological
variables selected represented an exhaustive list of possible variables
tha t could be related to the FAQ subscales .

12



-

~~~

-

~~~~~~~~~~~~~~~~~~~~~

-—- -—-

~~~~~~~~~

A wide distribution of ride times despite the  per formance  of wo rk
at the same relative percent of Max was noted . Also the duration
of these rides relative to those reported by other investigato rs e .g.,
Closer and Vogel (17) merits further discussion . In this present
study it was intended that the subjects should reach 65% of their V02 Max
level by five minutes . This is three minutes soone r than C.leser and Vof’el
(17) required . However, direct comparison to their s t u dy  is d i f f i c u l t
because their rides were performed at 757, V0. ~lax. Add itionally , the
partici pants In the present study representea various levels of physical
fitness while those in Gleser and Vogel’s study (17) were generali’.’ in
better condition . These factors and the personalit y variables that will
be discussed in the next section may account for the differences in ride
t i mes among the subjects in this study and when compared with suh je~~ts
in other reports .

The differences in the duration of the EMC burst may be reflecting
changes in the pattern of motor unit activity tha t has ~~ en repor ted  b y
sever al other investigators . Goilnick et al. (22), Costill et al. (23),
and SaltIn (24) have provided biochemical and histological evidence that
as physical work continues at a work load similar to that used in the
present study, there is a shift from a predominance of slow twi tch  f i b e r s
(low—threshold , aerobic , red muscle) to fast twitch (high—threshold ,
anaerobic , white fibers). The end spurt shown by Groups 1 and 2 in
Figure 4 may reflect the recruitment of the fast twitch fibers . The lack
of the recovery of the burst by Group 3 may indicate that the shift for
this group occurred more gradually.

Cardiopulmonary subscale changes did not increase greatly from 3—minute
to end—of—ride . It is not apparent whether this resul t indicates either
that the items are not sensitive to ,changes in cardiopulmonary funct ion-
i ng, or that work performed at 65% V02 Max does not yield substantial
increases in the perception of cardiopulmonary stress. If sufficient
data had been available for the ride performed at 85% \‘02 Max , a comparison
could have been made . The significant, but somewhat low , correlation
found between the Cardiopulmonary subscale and HR (accounting for only
7% of the variability between the two variables) did receive some
additional support . The observation that subscale scores for Group 2 did
not increase signficantly from 3—minute to end-of—ride and tha t their
heart rates remained essentially unchanged after 9 minutes can be viewed
as an important consideration . A possible explanation of one mechanism
that may be relevant to these results concerns the charac teristics of
rapidly adapting receptors. The neural firing patterns of these receptors
to a constant stimulus is a return to a near pre—s tirnulus level following
an ini t ia l  burst , despite the continuation of the s t imulus  (25) . Pr essu re

22 . Colinick, P D . et al. J Phystol 241 :45, 1973
23. Costill, D.L. et al. Acta Physiol Scand 91:475 , 1974
24. Saitin , B. Med Sci Sports 5:137, 1973
25. Grossman, S.F . Essentials of Physiological Psychology . 1973, p 29
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and stretch receptors located in the respiratory muscles and surrounding
arc.i may accommodate despite the gradual increase in cardiopulmonary
functioning (e.g., the heart rate increase of Group 3) tha t could be
perceived by the individual as occu~zring at approximately the same inten-
sity. The relationships between the Cardiopulmonary subscale and PV02and PV.~ are low, but nonetheless significant. Improved statistical
results have been reported previously for variables that were adjusted
for individual capacities . It was noted in two reports (26,27) respec-
t ively that the prediction of activity level from anaerobic threshold
expressed as percent V02 Ma x and that the percent  Vo, Max— re la t ive
HR rela t ionship was superior when compared to r e su l t s  where the raw
score form of the data was used . Therefore , there may be some meri t
when comparing ph ysiological changes among i nd iv idua l s  to use values
tha t are equated for  ind ividua l differences .

The expec ta t ion  tha t several ph ys io logica l  sys tems contribute to the
feeling of General Fatigue received considerable support from the corre—
lational analysis. Again , as noted with the Cardiopulmonary subscale ,
a substant ia l  increase in the magnitude of the re la t ionships  was found
when the percent of 3—minute values were used instead of the raw score
form of the data . This f ind ing  also supports  the s t a t i s t i c a l  approach
which accounts for differences in physiological capacities of individuals .

The motivat ion level of individuals performing phys ical work has
been conside red an important factor (28). The find ing tha t motivation ,
as reflected by the FAQ Motivation subsca~~ , was not an importantfac tor  dur ing this  exercise task presents a perplexing problem . Such
results would indicate that either this scale is not measuring wha t i t
is purported to measure , or that the motivationa l level of these
subjects was unaffec ted . First , while no a ttempt to val ida te this
mot iva t ion  subscale has been reported , the PAO measurement cha rac t e r i s t i c s
(e.g., intercorrelations , reliabilities , and communali ty est ima tes of
the items comprising this subscale) were reported to be among the h ighest
of the subscales (1). Second , specific responses of the subjects to
items in the Motivation subscale such as “Want to Perform Well” at
3 mi nutes were in the range of “Moderately” to “Considerabl y ” (i .e . ,
3 to 4). By the end—of—ride , their responses had in general shifted
downward to the range of “Slightly” to “Moderatel y ” (i .e . ,  2 to 3 ) .  An
important point to consider at this time is the instructions given to the
individuals prior to each ride : “to keep pedaling at 60 rpm until you
can not maintain tha t rate any longer .” In th is  stud y ,  ins t ruct ions  to
the partici pants were purposely intended to be non—motivational because
of the possibility of a differential effect that was not being evaluated .
Therefore, it is suggested that the desired intent of the instructions

26. Londeree, B.R. and S.A . Ames. Europ J A pp i Ph y s f o l  34~~269 , 1975
27 . Londeree , B . R . and S.A.  Ames . Med Sd Sports  8 : 122 , 1976
28 . Morgan , W .R . Med Sd Sports 5:97 , 1973
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were effective, and apparently the in i t ia l  mot iva t ion  level d id
not a f f e c t per formance . Additionally ,  this  r e s u l t  suggests  t ha t  evalua-
t i o n  of the more stable personality factors (discussed in the next section)
w h L c h  a f f e c t  r ide  du ra t i on  can be considered to be relatively independent
of the more transient motivational changes .

Linear relationships between a unidimensional rating of perceived
effort (RPE) and heart rate have been previously reported (12, 29—31).
Subsequent work by Noble et al . (32) described the r e s u l t s  of an attempt
to predict RPE by using multiple regression techniques that i nc luded
several of the same physiological measures used in the preset~t s tud y .
Anal ysis of these data at  5 minutes showed tha t  HR , RR , RO , V0 2 ,  and
yE were included In the first five s teps.  These r e su l t s  compare
favorabl y with those of the present anal ysis used to p r e d i c t  r ide d u r a t i o n
in which HR, RR, RQ, and 

~E 
were also included , but not in the same order .

A shortcoming , acknowledged b y Noble et al . ( 3 2 ) ,  was the use of onl y
six subjects with eight independent variables . While F levels were not
preset , as in the present study, the F values and signi f icance levels
were also not reported . Therefore , d i r e c t  comparison of the two studies
is difficult. However , the multiple R of 0.77 , that was reported after
four steps in which six subjects participated , does not represent strong
support  for  f u r t h e r  in terpre ta t ion  of the data .

The Improvement in the prediction of ride duration , by using the
percent of 3—minute values for the physiological data , was not totally
unexpected ; however, the magnitude of the change was startling . With
a more deliberate attemp t to select physiological variables by us ing  the
percent change form of the data , a regression model could be developed
which could describe more adequately the salient physiological responses
to prolonged physical work .

The regression analysis wherein percent of 3—minute physiological
variables and PAQ scores were used selected General Fati gue to be the
first variable. General Fatigue wac followed by PRQ, PVT , and PVE , the
first three variables that were found in the regression analysis which
used the percent of 3—minute physiological scores . Additionall y, General
Fatigue was minimally related to PRQ, PVT, and P\~ (i.e., the percent
of common variability was 2%, 10%, and 5% respectIvely , Table IV).
Therefore, this analysis has shown that there remains some additional
variability in ride duration that is related to feelings of General
Fatigue that could provide useful information regarding factors which
limi t endurance performance .

29. Borg, C. K Frysiogr Saellsk 31:105 , 1961
30. Borg, C . J Rehab Med 2:92 , 1970
31. Borg , C. Frontiers of FItness. 1971, p 280
32 . Noble , B.J. et al . Med Sd Sports 5:104, 1973
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The sotnewba t l imi ted  success by which ~‘ a PA~1 subscales predicted
ride d u r a t i o n  could be interpreted as a developmental problem or a
statement reflecting the subjective response t c  pro longed physical work .
In the first report by Kinsman e~t al. (1), the 1 c.; t a t i g u e  i tems were
In close asso iat~ on with the General Fatigue s u b se a l e . In a subsequent
report following efforts to reduce these iniercorrelations among the
subscai.es, the relationship was again higher than would have been desired
(2). In the present study, despite the substantia l r e l a t i o n s h i p  to r ide
duration (r = 0.75), Leg Fatigue did significantl y contr ibute to the
predictabilit y of ride duration and was the last v ar i a b l e  t aken  i n t o  the
regression equat ion . The small amount of added v a r i a b i l i t y  accoun ted  fo r
by the  Leg Fat igue  and Mot iva t ion  subscales makes t he i r  u s e f u l n es s  in
p r e d i c t i ng  r ide  dura t ion  questionable . However , in de fense  of the  m u l t i —
f a c t or i a l  approach it should be noted tha t changes in the  form of the
regression equation at d i f f e r e n t  points in t ime coul d occur . For examp le ,
in another research s i t ua t i on  where mot iva t ion  was purpose ly  increased
and a d i f f e r e n t  poin t  in the ride was used for predicting a task duration ,
leg f a t i g u e  and m o t i v a t i o n  may prove to be more v a l u a b l e  p r e d i c t o r s .

PERSONALITY AND RIDE DURATION

I n d i v i d u a l s  engaged in ph ysical per formance  fo r  relativel y long
periods of t ime rel y on an on—going evaluation of the svmptomato logv
associated wi th  the work (28) .  This process permits  r e a d j u s tment of
the work load level so that  the individual, can make changes in ene rgy
expenditure  to permi t successful comp letion of the task . An area of
Inves t iga t ion  re la ted  to this  evaluat ion process concerns mechanisms
Invo l ved In the  processing of perceptual  i n f o r m a t i o n  and personality
c or r e l at e s .  U n t i l  r ecen t l y most  of the theor ies  t h a t  have d e a l t  w i t h
these f a c t o r s  have had as their  basis a process known as “blocking ” (33)
B l o c k i n g  accoun ts  for  ind iv idua l  d i f f e r e n c e s  in the number of i nvo lun ta ry
rest  pauses (IRPs)  tha t  occur during mo tor tasks , suc h as r a t e  of t app ing .
Subsequent to this work several personal i ty  t h e o r i s t s  (10 , 11, 34) found
tha t  performance and personali ty d i f f e r e n c e s  among i n d i v i d u a l s  were
rela ted to the manner wi th  which they process percep tua l i n f o r m a t i o n .
However, the degree to which the individual ’s percep tua l  r eac tance
(P e t rie ’s term)  ( 11) can be modified by h e r e d i t a r y  f a c t o r s  and env i ron—
menta l  changes has not been specified . Wha t has been shown wi th  vary ing
degrees of success is that  performance d i f ferences  in a v a r i e t y  of situa-
t ion s are related to ph ysiological ly based personali ty types .

Eysenck ( 10) has developed a two—d imensional classification of
per sona l i ty  which he feels  accounts  for  a s u b s t a n ti a l  amount of v a r i a b i l i t y

33. Bills , A. G~ Am J Psychol 43:230, 1931
34. Zuckerman , N . and K . Link . J Consul t Cl in Psychol 32 :420 , 1968
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~i th regard to personality and perf ormance d if~ orences amonc l i i l l v l d j ~‘l s.
The two dincitsions are extroversion—introver~ ior (E— ~) and ileur oticism (N).
The typica’ ext rover t  is  “sociable , likes part~ c~~, has many f r iends ,
needs to have peop le to talk to , and does not l ike reading or studying
by him self . He craves exc i tement , takes chanc es , often sticks his neck
out , acts on the  spur of the moment , and is generally an in1pu l s~ vo fel Joy .’
The typical introvert “is a quiet , retiring sort of per’~~n , introspccr~ v~~,
fond of hooks rather than peop1e~ he is reserved and distan t ex ~p t to
IntI mate 1; ici&ds . He tends to plan ahead , ‘i i c s -  b ef o r e  he i~~n p s , ’ and
distrusts the impulse of the moment” (35)

Hi gh scores on neurcticlsm identify individuals that tond to be
coo t lonal ly overresponsive and , in extreme ca ~~~~ are l)rOne t ’  n e u r o t  I
‘r~~dsd’)wn under stress . Low to moderate scores are indicative of rr’ re
stable individuals (35)

t~hen Evsenck began his work , the instrument tha t he used t o  c la s s i f y
individuals along the extroversion—introversion a’-~ neuroticism dii ’~ nsions
was a 48—item seif—ronort questionnaire eallod the Maudsley Personality
Inventory (MPI) (35). Re1iahMi~ y coefficients calculated for a variety
of population samples wer e  r e p o r t e d  to range from 0.75 to 0.85 for
ex t r o v er s i o n— i nt r . ’~ a ’ r s i o n  and f rom 0.85 to 0.90 for neurotic isr~ (35)
Ext~~n -z 1v .~ ‘aiidation data for the MPI were also included which strong~ v
c t L ~~~~cS t  that the MPI reflects extroversion—introversion and neuroticism
tendenc ies in a manner comparable to c l inical  jud gm e n t .  Ano the r  d e s i r a b l e
c h a r a c t e r i s t i c  of the MPI is the large amount of normative data availablo
for  d i f f e r e n t  popula t ions .

Research problems dealing with a variety of subjects , t .~~~~., s m o k i n g
(36), crime (37) have been approached using Eysenck’s ~nodel . Of spe ci f ic
i n t e r e s t  to the present work is persistence and the t o l e r a n c e  of pa in .
Lynn and Eysenck (7) hypothesized that because the extrovert tends to
reach Inhibition/satiation more rapidly than the introverted person ,
the ex t rove r t ed  person should tend to endure phy s ica l  disc o m f o r t  b e t t e r .
I n this context inhibition/satiation is used to describe the degree to
which the amount of somatosensory information perceived by the individual
has been red uced . The results of their study indicated tha t heat tolerance
I s  posi t ive ly re la ted  to ex t rovers ion  and negat ively  r e l at e d  to n e u r o t i c i s r n .
In another  study by Costello and Eysenck (38) the same r e l a t i o n s h i p s
were found for  ch i ldren  who were asked to main ta in  a c e r t a i n  percent  ~ f
their grip strength using a hand dynarnome ter . However , Levine et al . (39)
fa i l ed  to f i nd  a sign i f i can t  relationship between tolerance f o r  shock and
the F and N subscales a f t e r  studying a group of s t u d e n t s  and a group of

35 . Knap p , R.R. Manual for the Maudsley Personality Inventory. 1962
36 . Ey senck , N .J. Smoking , Health , and Personality . 1965
37 . Eysenck , H .J. Crime and Personal i ty . 1964
38. Costello , C.G. and N.J. Eysenck . Percept Mot Skills 12:169 , 1961
39 • Levine , F .M. et a l .  Percept Mot Skil ls  23 :847 , 1966
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housewives . These authors attributed the differences between the studies
to the procedural requirements in the latter stud y, wherein shock was
In t e r mit t e n t  and increased in stepwise fashion . Using an o n / o f f  presenta-
t i on  of shock as opposed to a constant level of d i scomfor t  du r ing  the
hea t stress may well have prevented the formation of inh ib i t ion / sa t i a t ion.
Based on these findings, the te.mporal/auantitative characteristics of
the discomfort must be considered when evaluating tolerance for discomfort.

Another related concept , termed sensation seeking, has been developed
by Zuckerman . Zuckerman et al . (40) hypothesized that individuals
attempt to maintain “optimum levels of stimulation , ” and that  cer ta in
Individuals need “varied , novel, and complex sensations and experiences
to maintain an optimum level of arousal.” Stimuli that are repetitive
cause a sensation seeker to become bored . The construct  of sensation
seeking has been suggested , with some supportive evidence , to be related
to other personality traits , e .g . ,  extroversion and f ield dependence (40) ,
and autonomy (34). To categorize individuals along the sensation seeking
dimension , Zuckerman (41) has developed the Sensation Seeking Scale (SSS) .
The scale in its present form contains a general sensation seeking
scale (SSS—CEN) and four subscales: thrill  and adventure seeking (SSS—TAS ) ,
experience seeking (SSS—ES), disinhibition (SSS—DIS) , and boredom (SSS—BS )
These subscales lack orthogonali ty due in part  to i tem overlap tha t has
yielded higher subscale intercorre].ations than would be desired (40) .
Also , while some normative data and other test construction data have been
and are being accumulated , further work with regard to these areas needs
to be done .

The theoretical basis on which the SSS was founded is also based on
the inhibition/satiation phenomenon . Presently, the amount of data
required to delineate these relationships is not available . However ,
two studies describing GSR responses and sensation seeking have been
reported . Zuckerman (41,42) noted that the GSR response on the
first trial, i.e., the orienting response (OR) to visual and visual/
auditory stimuli respectively, was significantly greater for sensation
seekers. With repeated trials , rapid habituation (response decrement)
of the CSR occurred for both groups, and in the latter study the sensation
seekers’ CSR responses dropped below those of non—sensation seekers.
These findings suggest that the sensation seekers, a concept similar to
“extroverts,” as defined by Eysenck (10), strive for new and varied
stimuli which are rapidly habituated when perceived .

It was on this basis of th~. ii’~Iividual’s search for new stimulit hat Carlington and Shlmota (43) formulated their hypothesis of “change

40. Zuckerman , 14. et al. J Consult Clin Psychol 39:308, 1972
41. Zuckerman, M. Manual...for SSS. Univ Delaware, 1972, p 37
42 . Zuckerman , N. Paper presented at Society for Psychological

Research , St .  Louis , 1971
43 . Carlington , W .K. and N.E. Shiinota. Psychol Rep 14:919. 1964
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I . The concept of change seeking, ac e rd ing to those ut no rs
i n v o l ves  si innil I from both internal and external ~ourcc~ . “Change
seeking Is an habitual , consistent pattern of behavior which acts to
contro l t h e amount and kind of stimulus input a given organism receives.”
The theoretical basis is therefore founded in the behavioral patterns
in v o l v i n g  va r i ed  sensory—perceptua l input . To determine  those indiv iduals
that may be classified as being change seekers , (‘.arlington ad Shimo ta
(43) used a 95—item self—report inventory called he Change Seekers
Ind ex (CSl) . IThile normative data are almost non—existent , sp lit—half
and t e s t — r e t e s t  r e l i ab i l i t i e s  re [~~c r ed by G a rl in g t o n  and Sh imota  ~4 3)
ranged from 0.89 to 0.92 , except for one thr&o month retest value that
f e l l  to  0 .77 . The authors  stated that  fur ther work was in progr ess~
however , no add i t i ona l  data have yet been found b y t h i s  au t hor .

~)c~ p I t o  such shor t—comings , the  data available to suppor t  its th~ ore~-ical
construc t suggest that the CSI merits further consideration .

One add i t iona l  hypothesis  tha t  war ran ts  c on s i der a r i -~n has been
presented by Petr~ie (11). A thorough discuss ion of her work w i l l  not be
presented because of the extensive te t ::~ requirements  involved with
her procedures , w h i c h  p r e c lu dø  use of these procedures in the presen t
study . When working ~~ th  tnedical patients Petrie noted that certain
In d i vi d ua l s  sc’c~ ed to be less a f f e c t e d  than others  by s imilar  ma lad ies.
From these observations she developed an approach for evaluating
perceptual information processing by measuring the amount of kinesthetic
“augmentation” or “reduction ” experienced by individuals following
repeated stimulation of specific kinesthetic senses. For example , using
wooden blocks of different widths or small containers of varied weight ,
Petrie found that some individuals tended either to overestima te or
underestimate the size or weight . Individuals categorized as augmenters
(i.e ., those that overestimated) appeared to do well in tasks involving
sensory lack but did not endure physical discomfor t as well as the
reducers . The opposite ~~s found to be true for reducers .

With recent emphasis on maintaining good health through physical
fitness, research into the area of physical fitness and personality has
increased (44). However, a typical approach has been to administer a
personality questionnaire such as the Catell’s Sixteen Personality
Factor Questionnaire pre—and/or post—training and to describe the
resultant changes . While this approach offers valuable informa tion tha t
can be used for guiding individuals in such programs , it does not offer
explanations for individual preferences for varied types of work , nor
does it account for some of the wide variability in persistence that
canno t be explained solely on a physiological basis . The purpose of
this section will be to attempt to account for some of the variability
In persistence (riding a bicycle ergometer) that can be attributed to
personality factors.

44 . Hammer , W .M. and J.H. Wilmore. J Sports Med 13:238, 1973
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METHODS

Test Selection

As a measure of the extroversion—introversion and neuroticism
dimensions of personality,  the original MPI (Educational and Industr ia l
Testing Service) was selected instead of the updated versions , the
Hysc’nck Personality Inventory (45) or the Eysenck Personality Question-
naire (46), because of the large amounts of normative data available
for  Ameri can popula t ions . This feature  was viewed as an Impor tan t
cons iderat ion  because of the relatively small number of sublects tha t
were involved in th i s  research p ro j ec t .  The ins t ruc t ions  presented in
the MN manua l were followed when administering the quest ionnaire , and
the responses of the subjects to the three—choice answers (i.e., yes , ? ,
and no) were recorded in the spaces provided on the test form .

Sensation seeking tendencies of individuals were measured wi th
Zuckerman ’s Sensation Seeking Scale Form IV (Appendix E ) .  ‘The subjects
were told to read the instruc tions on the front and to circle their
choices for  each item .

Evaluation of the need for change was determined by the Change
Seekers Index tha t  was re—typed from the l i t e ra tu re  source (43)
The vo lunteers were told to read the instructions and then indicate
their answers, true or false, as the items applied to them most of the
time . Answers were recorded on separate answer forms .

Procedure

When participants arrived for their first test session , they were
seated individually in a classroom adjacent to •the human performance
laboratory . They were told to read the instructions carefully, and
If they had any quest ions regarding the tests , to ask them be fo re
beginning to answer each inventory . No time restrictions were placed
on the tests. The MPI was scored with the hand—held keys included with
the questionnaires . The SSS and CSI were scored in accordance with the
instructions by the authors (43).

Statistics

Pearson product—moment correlations were computed by computer
routines contained in the Statistical—Package—for—the—Social—Sciences
(SPSS) system at the University of Colorado . The 0.05 level was
selected for significance . When missing data were encountered , the

45. Eysenck , H.J. and S.B.G . Eysenck. The Manual of the Eysenck
Personality Inventory. 1969

46. Eysenck, HJ. and S.B.C. Eysenck . The Manual of the Eysenck
Personal i ty  QuestionnaIre . 1975
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SI’SS pair—w i se. delet ion option was used . This occurred when one of the
subjects did not complete a page on the SSS, m d  hecause the subjec t ’s
questionnaire was not scored until a later time , these data were not
obtained . Additionall y, as noted earlier , the work load for  subject
numbe r S during his 65% MV0 ride was too high ; hence , the d at a  fo r  h i s
65% r I de  could not be used .2 Therefore, the numbers of sub jL’:ts for the
65% and 85% r ides were 12 and 13 respec tively for the SSS computations .
For the CSI and MN the numbers were 13 and 11, respectivel y . The order
of the personality tests was intended to he comp letely counterbalanced :
however , because three sublects dropped out of the study and one faiftd
to appear , complete counterbalancing was not achievod .

RE SULTS

Presented in Table VI are the means and standard deviations (~~, SD)
for each of the personality measures and the two ride durations .
included with these data are the American col lege norms r ep o r t e d  f o r
each of the scale s. All of the means and St an  ~~~~~~~~ deviations compare
favorably wi th those reported for the collec ’,o norms except for E—i ,
w h i c h  indicated that the pres*’at group tended to be slightl y more
introverted (30th percentile , stanine 4 ) .

Pearson product—moment  correlations measuring r e la t ionsh ips among
the personality measures are presented in Table VII . MPI E—I was found
to be negatively related to the MPI N scale and positively related to
the SSS—DIS scale . According to Knapp (35), MPI E—I x MPI N subscale
correlations were about the magnitude of —0.15 excep t for populations that
Include a large number of high N scores . Since the means and standard
devia tions on the N subscale for subjects in this study no ted above do
not reflect such a distribution of scores , these da ta do no t sub stan t ia te
such an interpretation . Significant E—I x SSS—DIS correlations have
been reported previously (40), but only for female subjects. However , a
similar finding for male subjects would be in keeping wi th the concepts
of these personal ity d imens ions .

Regarding the MPI N subscale , the Onl y s i g n i f i c a n t  r e l a t i o n s h i p
found other than the one noted above was the MPI N x CSI correlation .
An earlier study that supports this relationship was performed by
Garllngton and Shimota (43) wherein the CSI was able to select 30
institutionalized neurotics from among a larger group of 90 patients .
The CSI was also rela ted to the SSS—GEN , SSS—ES , and SSS—BS subscales .
Zuckerman et al. (40) has reported that “Correla tions of the SSS above
0.60 have been found only with other types of similar scales such as
Carllngton and Shimota ’s (63) Change Seekers Index... .“

With regard to the remaining ten correlations among the SSS subscales ,
f ive were s ign i f ican t , with  three additional relationships having
P cO .06. As mentioned previously, the SSS subscales have been reported
to be significantly related . This is clearly verified by the present
study .
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Al so Included in Table VII is the correlation for each subscale with
the 65% and 85% ride times . The pattern of the correlations for the two
rides are strikingly similar . Only one subscale , the SSS— DIS , was
significantly related to length of ride, but surprisingly, the relation-
ships were both negative . This finding indicates that persons who rode
the longest were those who were the most inhibited and who tended to be
int roverted .

COMMENT

Based on the results of this study, several points merit further
con~nent . First , with the exception of the slightly lower score on the
MPI F—I subscale , all means and standard deviations compare favorabl y
with normative data . Concerning the I’fl’I E—I x N relationship , Cohen
and Horn (47) and Horn and Cohen (48) also found a significant relation-
ship between these two subscales for seven samples of undergraduate
students from the University of Texas (N 1,406) which indicates that
for  cer ta in  samp les , the independence reported by Eysenck for E— I and N
may be overstated . Therefore , the significant relat ionship between
MPI F—I and N subscales that has been dismissed by Eysenck (49) attri-
butable to sampling remains to be explained .

The CSI was significantl y related to the I4PI N and SSS CEN, ES ,
and BS subscales in this study. While no reports of tests for relation-
ships between MPI N and SSS subscales could be retrieved , a significan t
positive CSI x GEN—CEN relationship was reported by Farley (50) . Because
of the recent development of the SSS subscales, specific CSI x SSS
subscale intercorrelations have not been previously reported . However ,
such relat ionships would not be unexpected from the somewhat high
intercorrelations among the SSS subscales that were noted by Zuckerman
et al . (40) and confirmed by the present study.

The SSS—DIS was the only personality measure significantly related
to ride duration . Contrary to expec tations , the pattern of this correla-
tion was negative. Another noteworthy finding related to this point is
the correlation of ride duration with the CSI; this correlation narrowly
missed significance and was also negative . This was also true for the
Ride Duration x MPI E correlations. These findings , in addition to the
highly significant relationship noted between SSS—DIS x MPI E—I, seem
to indicate that a process opposite to the original inhibition/satiation
hypothesis appears to be operating for this work task .

Interpretation of such results within the framework of the inhibition/
satiation model would appear to be unsatisfactory except for  work

47 . Cohen, D.B. and J .M . Horn . J Abnorm Psychol 83:304, 1974
48 . Horn, J.M. and D.B. Cohen . J Abnorm Psychol 83:311, 1974
49. Eysenck , H.J .  J Abnorm Psycho l 83:308 , 1974
50. Farley, F.H. J Consult Clin Psychol 37:394, 1971
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tha t was accomp lished in three previous investi~ ations. First , Petrie
(11) reported In her work tha t individua l d i f f e r ences  in the e f fec t iveness
of audloanalgesia for dental patients could be exp lained on the basis
cf the perceptual reactance experienced by the “augnenters ” and “reducers .”
The augmenters (a term describing those Individuals tha t subjectively
exaggerate any sensory information perceived , comparable to Zuckerman ’s
non—sensation seeker and Eyseflck~s introvert) appeared to experience a
greater pain reducing effect from white noise presented through earphones
than the reducers . Petrie Interpreted this finding to mean that the
sensory bombardment with a seco~’.1ary stimulus provided a sensory overloadfo r the augmenters because of the i r  tendency to enlarge the stimulus
input , while the reducers tended to attenuate the effect of the secondary
~t imt i lus . A second study performed by Shigehisa and Symons (5 1) invest i-
gated a phenomenon which , according to these authors , exists in Russian
literature as the “law of inversion ,” These investigators found tha t
the threshold of a primary stimulus (sound) was reduced as the Intensity
of a heteromodal stimulus (i.e., a secondary stimulus ~f li ght) increased
for  extroverted sub jec t s .  However , for intr over ted  sub jec t s  the e f f e c t
was the same until the intensities of light reached the highest levels ,
and then their thresholds for sound significantly increased . In both
studies the law of I nversion worked best for  those ind iv idua l s  who
normal ly  ten d ~o enlarge subjectively the sensory information that ispe rceived . Finally, a study performed by Morgan and Costil l  (52) provides
some collaborative evidence for the se findings . The authors  mailed the
Eysenck Personality Inventory to eleven marathon runners and asked them
to complete the questionnaire . When the results of nine respondents
were compared to those of other previously tested groups of a t h l e t e s , the
data showed that these runners were significantly more introverted .
Comparisons between means of other college samples (12 .08) and the runners
(9.55) were not made because the authors questioned the possible effects
of sampling. While the testing procedures utilized by Morgan and Costill
are not reconvnended by Eysenck (49) ,  the results are nonetheless
interes t ing .

To evaluate personality factors that affect performance , it is appar-
ent that the characteristics of the sensory environments , internal and
external, must be specified . Presentation characteristics , such as
du ration and rate noted by Levine et al . (39) , and intensity as noted by
Shigehisa and Symons (51), are needed . Unfortunately, for this study
such information is unavailable , and to demonstr ate the law o f inver sion
e f f e c t s  based on two work loads would be inappropriate . Work per fo rmance
at three or more load levels which vary from light to heavy could pro-
vide such information .

One further point which should be noted (but unfortuna tely was not
properly evaluated in this study) concerns prior histories of endurance

51. Shigehisa, T. and J.R. Syinons. Br .1 Psychol 64:205, 1973
52. Morgan, W.P. and D.L. Costill. .1 Sports Med 12:42, 1972
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raining of t h e  sub jec ts .  Despite the equating of work load levels
u sin g the percent of 

~
O2 

Max levels , it was observed that several of the
subjects who rode the longest reported prior histories of endurance
t r a in ing  through high school and college sports (e .g . ,  soccer , tennis ,
cross country skiing, and track). h owever , the validation of such
evidence would also be incongruous with the model which hypo thesizes that
the more inhibited , introverted individual should tend to seek out
activities that do not require endurance of physical discomfort for
prolonged periods of t ime .

CON CLUSIONS

It ca n be concluded that  the investigation of the areas wi thin the
model originally proposed met with limited success. The loss of sub-
stantial amounts of EMG data precluded further interpretation of these
results.  Several of the specific variables that  were hypothes ized to
be related to each of the PAQ subscales did show significant relationships .
Unfortunately, several additional variables that were not hypothesized
to be related to the Leg Fatigue subscale were also found to be significant.
Since the physiological response to physical work is not usually isolated
to a single system, the extent to which this general effect served to
elevate the magnitude of the relationships between the Leg Fatigue subscale
and these other physiological variables cannot be presently determined.
However, the significant relationships found for those physiological
variables that were specifically hypothesized to be related to each
subscale do support the usefulness of the multidimansional approach to
evaluating the subjective experience of fatigue .

The personality model that was based on the inhIbition/satiation
mechanism and proposed that athletes tended to be less inhibited ,
extroverted , and would perform best in tasks r equir ing toleran ce of
discomfort , was not supported . In fact, a reverse process- appears to be
operating, and this finding was supported by another study (52). A
possible answer may be found in the prior history of each individual
which includes a knowledge of his preference for selected work tasks .

It is tempting to speculate that since subjects were equated for
work loads , any differences in ride duration should be attributable to
tolerance for discomfort.  However , the fac t that  the longer riders
appeared to enter some type of steady state while the short riders did
not does not support such an interpretation .

24
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RECOMMENDATIONS

It  should be determined the extent to which psychosocial  fac tors
(i .e., group varsus individual e f for ts)  and the physical demands of the
work task (i.e., intensity , duration, and rate) serve to affect the
work task d i f ferent ia l ly . Such in forma tion may account for additiona l
individual variability and preference for physical work .

25
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TABLE i:

ANTHI(OPOMORPHIC CHARACTERISTICS OF THE SUBJECTS (N 14)

Age Weigh t Max
(years) (kg) (m~ /k g/min)

Mean 21.71 70.59 52 .65

SI) 2.2 7.92 9.71

Range 18—27 56.8—85 .9 38 .52—70.49  
_ . —
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TABLE II

RIDE SCHEDULE

Sub )ects Session 1 Session 2 Session 3 Session 4

Personality Tests Max Ride Ride 1 Ride 2

FAQ Familia r ization (no FAQ )
Ride (three 5—minute
subinaxj ma l rides)

10—1 4 Personality  Tests Ride 1 Ride 2

PAQ F am i 1 ia rj z a tj .~r~
as part of deter-
mination of V Max

PAQ — Physical Activity Questionnaire

~O2 
Max = Maximum Oxygen Uptake 



TABLE III

SU*(ARY OP RELATED t-TESTS :
3-MINUTE TO END-OF-RIDE COMPARI SONS

Variable Group I Group II Group III
t t t

Leg Fat igue 9 .89** 2.89* 4 35**

Cardiopulmona ry 3.12* 1.58 2 .36*

Genera l Fatigue 3.58* 7.89** 5~ 4g**

Motivat ion 1.00 1.51 1.65

Dii rat ion
Castrocnemius .04 6.94* 3.58*

Heart Rate 5~ 93** 7 .65** 7 .28**

* p <0.05
** ~ <0 .01
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TABL E IV

CORRELATIONS BETWEEN PAQ SUBSCALES AND PHYSIOL OGICAL MEASURES

Leg General Cardio-
Fatigue Fatigue pulmonary Motivation

Duration
Vastus Lateralis _ 3Ø* — 34* — .27* — .26*

flu ration
Gastrocnemius — 45* _ .31* — .05 .27*

Amp i i t u de
Vastus Lateralls — .08 _ .28* — .02 .14

Amp litude
Gastrocnemius .00 — .10 — .16 ...37*

‘1F BTPS .05 .09 .01 — .22*

RQ — .15 _ .27* .06

V02 .04 .13 .06 — .05

CO .05 .14 .06 — .05

SV _ .24* — .07 — .10 — .08

Energy
Expendi t t . re .04 .12 .07 — .05

~02/m1/kg — .04 .08 — .12 — .14

HR •49* 35* .27* .06

RR .13 .16 — .02 — .04

VT — .16 — .12 .05 — .05

P~~, Max .22* .14 .12 .01

PVE BTPS 36* .17 .17 — .04

PRQ — .20 _ .23* — .18 — .08

—continued on page 46
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TABLE IV (Continued)

CORRELATIONS BETWEEN FAQ SUBSCALES AND PHYSIOLOGICAL MEASURES

Leg General Cardio—
Fatigue Fatigue pulmonary Motivation

PCø 34* .21* .21* .11

PSV — .19 _ .27* .05 .12

PV~2 34* .21* .21* .13

PHR 39* 37* .09 — .03

PRR 37* .28* .19 .18

PVT — .22* _ .32* — .21* — .28*

*p < .05
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TABLE V

RESULTS OF THE MULTIPLE STEPWISE REGRESSTON ANALYSIS

Independent Simple Multip le Overall Si gnif i—
Step Variable r R R2 F cance

Raw Physiological Data

I RR — .44 .44 .19 2 .11 > .05

2 HR — .39 .52 .27 1.50 — .05

1 EQ — .08 .53 .29 .93 —‘.05

.03 .55 .30 .64 > .05

Percent of 3—m1nu .~ Physiological Dat~a

1 PRQ .67 .67 .45 7 .39 < .05

2 PVT .47 .83 .69 9 .00 < .01

3 PV~ — .27 .90 .81 9 .81 < .01

4 PSV — .16 .94 .89 11 .93 < .01

PAQ Subscales

1 Gen Fat — .77 .77 .59 13.12 < .01

2 Cardio — .76 .80 .64 7 .16 < .05

3 Motiv — .48 .81 .66 4 .44 < .05

4 Leg Fat — .75 .81 .66 2.95 > .05

Percent of 3—minute Physiological Data and PAQ Subscales

1 Gen Fat — .77 .77 .59 13.13 < .01

2 PRQ .67 .88 .77 13.43 < .01

3 PVT .48 .98 .96 49.58 < .001

— .27 .99 .99 131 .55 .001
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TABLE Vi

MEANS AND STANDARD DEVIATIONS 01
PERSONALITY MEASURES AND RIDE TI’IES

Va riable X SD

MPI E—I 23.77 7.55
(College Norm) (28.73) (8.18)

MI’! N 20.00 10 .93
(Colle ge Norm) (20.66) (10.65)

CS! 52.61 7 .20
(College N o r m )  (49 .06) (12 .35)

SSS—CEN 15.00 3.02
(College Norm) (12.8) (3.7)
(College Norm) (13.4) (3.6)

SSS—TAS 12.06 1.24
(College Ncrm ) (10 .6) (2 .7)
(College Norm) (11.1) (2.6)

SSS—ES 10 .67 3 .77
(College Norm) (9.2)  (3 .9)
(College Norm) (9.6) (3.9)

SSS—DIS 4.83 324
(College Norm) - (6.4) (3.2)
(College Norm) (6.7) (3.3)

SSS—BS 7.83 2 .76
(College Norm) (7.7) (3.2)
(College Norm) (7.8) (3.1)
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INFORME D CONSENT FOR BICYCLE ERGOMETER TEST

1 . ]~xp lnn ation of the bicycle ergometer and personal i~~y tests .
D u r i n g  the R’ourse of this study you will be asked to perform four rides
Ofl a bic ycle ergometer and to report on the fatigue you experience .
Addi t iona l ly ,  you will be asked to complete three personality question-
naires. During the first session the three per soTmli- :y ques tionna ires
and two short rides to allow you to become 1;oiUar with the procedures
w i l l  be accomp lished . In session 2 the ride will begin at a submaximal
heart rate level ard advance in stages to determine your maximal oxygen
uptake value that will be used to establish your work load settings
t h a t  wil l  be used in sessions 3 and 4 . In sessions 3 and 4 you will be
asked to perform rides at two different work load settings and to report
on the fatigue you experience . You will not be encouraged to push
yr ursell beyond safe levels of exercise and you may be asked to stop
he ’-ause of phys io logical signs of fatigue .

2. Risks and d i s c o m f o r t .  There exists the possibility of certain
‘ l I ; I r 1 ,~~~s occurring during exercisc . They inc lude abnormal blood pressure ,
f :ifnting, disorders n~ l ean - beat, and in very rare instances heart
at r- i ks. Howevo r , Lile se possibilities will be minimized by a prelim-.
in,irv — - iical examination and by continuous monitoring during the rides .
F:~ncrgency equipmen t and trained personnel are available to deal with
unusual situations which may occur .

3. Benefits to be expected. The results obtained from the exercise
tests may be useful in providing you with useful information regarding
your ph ysiolog ical capacities. Additionally, the research objectives
of the tests may provide you with useful information concerning factors
affec ting the performance of various tasks.

4. Inquiries. Any questions regarding the procedures used during the
exercise tests will be welcomed at any time and all ques tions will be
answered ful l y a t the completion of the study.

5. Freedom of consent. Permission to perform these tests is voluntary
and you are free to deny consent if you so desire .

I have read this form, and I understand the test procedures that I
will perform and consent to participate in these tests.

Date 
— 

Signature of Student

Wi tness
APPENDIX C
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PHYSICAL ACTIVITY QUESTIONNAIRE

LEG FATIGU E

Leg Twitchi~~

1 2 3 4 5
Severe Considerable Moderate Sll~-’Iit Not at All

Heavy Legs

1 2 3 4 5
Not at A l l  Sl ightly Moderately Very Extremely

Leg Cramps

1 2 3 4
Severe Considerable Moderate Slight No

Achingj~~~~Muscl~~~

1. 2 3 4 5
Not at ti-li Slightly Moderately Considerably Severely

GENERAL FATIGUE

Tired

1 2 3 4 5
Extremely Very Moderately Slightly Not at All

Worn Out

1 2 3 4 5
Not at All Slightly Moderately Considerably Extremely

Out of Energy

1 2 3 4 5
Not at All Slightly Moderately Considerably Extremely

Exhausted

1 2 3 4 5
Extremel y Considerab ly Moderately Slightly Not at All

APPEND IX D
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CARDIO-RESpIRATORY

Har d to Breathe

I 2 3 4 5
Extremel y Considerably Moderately Slightly Not at All

Rapid Breathing

1 2 3 4 5
Moderately Slightly

Very Rapid Rapid Rapid Rapid No

Deep Breathing

1 2 3 4 5
Very Deep Deep Moderately Slightly No

Heart Poun4

1 2 3 4 5Severe Considerable Moderate Sligh t Not at  All

?-ETIVATION

Want to Perform Well

1 2 3 4
Indifferent Slightly Moderately Considerably Very Much

Willing to Endure Discomfort

1 2 3 4 5
Extremely Very Moderately Slightly Not at All

Determined to Ride for a Long Time

1 2 3 4 5
Not at All Slightly Moderately Very Extremely

Drive to Outperform Other Subjects

1 2 3 4 5
Indifferent Slight Moderate Much Very Much
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GLOSSARY

~~ 
Max The maximum level for oxygen transportation (also M

~~ 
I~TPS Exp i ratory gas volume/minute corrected to body temperature

and pressure, saturated with water vapor

RR Number of breaths /mm

VT Tidal volume (volume of gas moved during any respiratory cycle)

RQ Respira tory exchange ratio (C02/02)

Volume of oxygen/min(oxygen uptake/mm )

CO Cardiac output (estimated)

SV Stroke volume (volume of blood expelled from the heart beat)

EMG Electromyogram (recordin 5 of the electrical activity of the
muscles)

AgNO 3 silver nitrate

ECG Elect roca r diog ram (measuremen t of the electrical activity of
the heart)

P(XX ) The P preceding any of the above cardiovascular and pulmonary
symbols indicates that the value represents a percent of its
3—minute level 1 The only exception PVO2 which is based on

- 
each person ’s V02 MAX.

CSR. Galvanic skin response (measurement of the resistance changes
of the skin)

OR Orienting response (response to a stimulus dur ing the f i r st
trial)

HR Heart rate in beats per minute
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