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ERGONOMICS, 1973, VOL. 16, No.2, 211-226

Multidimensional Analysis of Subjective Symptomatology
during Prolonged Strenuous Exercise

By R. A. K[NSMAN, P. C. WEISER, and D. A. STAMPER
Physiology Division, U. S. Army Medical Research and Nutrition Laboratory, Fitzsimons General

Hospital, Denver, Colorado 80240

Characteristics of subjective symptom changes during prolonged bicycle riding were
explored in this study. On two occasions, 64 male subjects (mean age 22·9 years)
rode a bicycle ergometer at .55·6 ±2·8% aerobic capacity with instructions to continuo
riding until it became so discomforting that they felt it necessary to stop. Mean
quitting times were 313 ±~4 min and 36 ±22 min for Rides 1 and 2t respectively.
Each item of an initial group of 63 edjectdvee potentially descriptive of subjective
changes during exercise were arranged along a fi-poirrt scale of severity (Le-ubsent.,
5 = severe) and administered before and at the end of both rides.
Through key cluster analysis of the 41 items showing at least 10% change during
exercise, an 18 item Physical Activity Questionnaire (PAQ) was derived. It
was composed of three unique, collinear symptom clusters labeled Fatigue, Task
Aversion, and Motivation. Comparative key cluster analysis showed good similarity
between clusters of both rides.
Mean pre· to end-of-ride changes during bot.h rides for the overall PAQ, Fatigue,
Task Aversion, and Mot.ive.tion clusters were 61 %, 100%, 69%, and 16<yo, res
pectively. Coefficients of stability for the pre- to end-of-ride change of the overall
PAQ, Fatigue, and Task Aversion were 0,82, 0,83, and 0·65. The Motivation
cluster had a considerably lower coefficient of stability, 0·38, than did the other
PAQ clusters. These results suggest that subjective changes during exercise
tend to group into unique clusters of symptoms that can be reliably measured.

Introduction
Individuals engaged in sports or any type of physical activity involving

prolonged, strenuous exercise must continually determine the level of energy
expenditure and the length of time they are willing to participate. In such
activities the subjective experience of fatigue could become an important
limiting factor. For example, the point at which a person quits might corres
pond to when he ' feels very tired ' or ' worn out '.

While fatigue has often been discussed as a subjective experience, most
current formal definitions of fatigue have referred almost exclusively to events
occurring at diverse levels of biological organization. These definitions vary
from the failure of in vitro muscle preparations to maintain contraction during
repeated stimulation up to task impairment of the behaving whole organism
(Bartley and Chute 1947, Bartley 1964, Simonson 1971). Subjective symptoms
of fatigue have been viewed as difficult to measure adequately. Consequently
they have been neglected by most investigations in favour of more directly
observable physiological, neurological, or behavioural events (Welford 1966).
From the point of view of the whole person, however, the subjective experience
of fatigue is still the most obvious consequence of prolonged strenuous work.

The investigation of subjective fatigue and its role as a limiting factor in
work tolerance can only begin once an adequate means of measurement is
developed. A simple, unidimensional scaling of the feeling of tiredness or
subjective effort (e.g., Pearson and Byars 1956, Borg 1962) disregards the
essential complexity of the range of subjective changes experienced during
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212 R. A. Kinsman et al.

exercise. Certain types of subjective symptoms occurring with exercise, as
noted by Bartley and Chute (1947), should be considered conceptually discrete
from the somatic subjective symptoms. Thus, prolonged exercise may also
produce subjective symptoms such as boredom or an aversion to the physical
activity which may be significantly related to work tolerance.

During work, subjective symptomatology may be hypothcsized to be a sct
of conceptually clear, discrete symptoms which increase together. At a
minimum, the means to quantify these subjective changes should be based on
an attempt to empirically derive sets, i.e., clusters, of subjective symptoms
having (1) relative independence between the symptom sets; (2) adequate
internal consistency within sets; and (3) meaningful change for each set during
exercise which is consistent upon replication. This study presents the develop
ment of such a self-report questionnaire,

Four stages were involved in the development of a .Physical Activity Ques
tionnairc; (1) initial selection of a wide range of adjective items potentially
descriptive of subjective symptoms experienced during exercise; (2) arrange
ment of each adjective item along a 5-point scale of severity for presentation
in an initial Adjective List; (3) development of a Modified Adjective List
through the elimination of all scaled adjective items showing negligible change
from rest to the end of two rides to exhaustion on a bicycle ergometer; and (4)
derivation of a Physical Activity Questionnaire from the Modified Adjec
tive List by key cluster analysis (Tryon and Bailey 1(70).

2. Methods
2.1. Q~wstionnaire Development

2.1.1. Initial item selection
Initial development of the Physical Activity Questionnaire (PAQ) involved

the selection and sealing of a set of adjectives or adjective phrases for an

Table I. Items presented in the Init.ial Adjective Lista

I. Perspiring 22. Determined 43. Happy
2. Short of Breath 23. Comfortable 44. Headache
3. 1\fuscle Tremors 24. Leg Cramps 45. Pleased
4. Test Attention 25. Working Hard 46. Distracted
5. Weak 26. Hard to Breathe 47. Head Tightening
6. Easy to Think 27. Easy to Concentrate 48. Nauseated
7. Physically Tired 28. Leg Twitching 'In. Meter Attention
8. Leg Aches 29. Drivo 50. Jumpy
n. Lively 30. Heart Pounding 51. Dizzy

10. Weary 31. Refroahod "52. Listless
II. Out of Gas 32. Tired 53. Satisfied
12. Rather Qui t 33. WcakLegs 54. Depressed
13. Aching Muscles 34. Drained 55. Abdominal Cramps
14. Lazy 35. Do Something Else 56. Tense
15. Bored 36. Shaky Legs 57. Ir~itable
16. Sore from Sitting 37. Hard to Keep Going 58. Backache
17. Heavy Legs 38. Vigorous 5!L Angry
18. Numb 39. Dry Mouth no. Fidgety
19. Easygoing 40. Panting 61. Active
20. Worn Out : 41. Sweating , 62. Wor-ried
21. Thirsty 42. Fed Up 63. Drowsy

"Items 1 to 41 inclusive were retained for the Modified Adjective List.
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S'ubjective Responses to Prolonged Exercise 213

Initial Adjective List which could describe the subjective changes from rest
to the end of prolonged physical activity. The adjective items for the Initial
Adjective List were assembled from previously reported measures of fatigue
(Pearson and Byars 1%6, McNelly !fl(6), the General High Altitude Question
naire (Evans 106G), and a large group of descriptive adjective items assembled
by this research team. Preliminary review of the adjective set eliminated any
obviously ambiguous or redundant items. Table 1 lists the 63 adjective
items selected for inclusion in the Initial Adjective List.

2.1.2. Initial Adjective List (IAL)

The descriptive items were then arranged along a 5-point continuum (scale)
of severity by using appropriate modifiers ranging from absent (1) to severc
(5), according to procedures described by Nowlis and Nowlis (1056). Examplcs
of the scaled items as they appeared in the 6-page IAL booklet are presented
in Table 2. In practice, the subject could rate his level of subjective experiencc
by circling the applicable descriptive phrase defining a point along the 5-point
scale. The development of response sets were controlled as follows: first,
the items were randomized in regard to order of appearance in the IAt; second,
order of presentation of items within the TAL was additionally controlled by
randomly assigning one of six page sequences to each subject; finally, half
of the items of the IAL were scaled from absent to severe (1 to 5) while
the remainder were scaled from severe to absent (5 to 1). Experience prior
to the study indicated that after two practice presentations the IAL could be
completed comfortably within a two-minute period.

2.2. Experimental Procedure

2.2.1. Subject»

Sixty-four (64) male volunteers from the military and civilian personnel
of Fitzsimons General Hospital, who ranged in age from 17 to 27 (mean age
22·!l years) were studied. Preliminary medical examinations eliminated those
subjects with physical eonditions which precluded safe participation in strenuous
exercise,

2.2.2. Bicycle ergometer task and procedure

On two occasions, all subjects rode the bicycle ergometer at GO r.p.m. and a
workload approximating 56% of their estimated aerobic capacity. During a
preliminary session, within 7 to 30 days before the firsb exercise task, the
aerobic capacity (MVa ,) of each subject was estimated using the bicycle
ergometer, work pulse extrapolation method of Astrand and Ryhming (1\)54).
Two five-minute work periods were used; the second was 300 kpm/rnin greater
than the first. A two-minute rest period separated the work periods. If the
two measures of MVa , differed by more than 400 ml/min, aerobic capacity
was estimated again at least two days later. Such a resolution was required
in only seven of the ()4 subjects studied.

Ride 1 was performed in the afternoon at a room temperature (± S.D.) of
79 ± 4°F, while Ride 2 was performed in the morning two to four days later at
74 ± 4°F. Each subject was given explicit instructions to ride until he became
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214 R. A. Kinsman et al.

so discomforted that he felt it was necessary to stop. All subjects were
shirtless and dressed in loose fitting surgical pants and low-cut hard soled
shoes for the rides.

Immediately before Ride 1, the JAL was completed twice to provide experi
ence with the use of the instrument. The subject then mounted the bicycle
ergometer and was given the exercise instructions. The end-of-ride IAL
was completed while sitting on the bicycle immediately upon quitting, with
the instructions to describe the subjective experience of fatigue while riding
just before termination of the ride. The IAL was administered in an identical
manner before and at the end of Ride 2.

2.3. Statistical Analysis

Key cluster analysis (Tyron and Bailey 1970) was used to identify non
redundant sets of items {clusters) describing unique aspects of subjective
change.. Briefly, clusters of items were empirically grouped by key cluster
analysis according to the following three criteria: (1) high eollinearity between
items within a cluster, i.e., the items defining the cluster share a similar pattern
of correlations across all other items of the score space, (2) maximum indepen
dence between clusters of items, and (3) maximum accountability for the total
variation within the score space. The empirically determined clusters may
be regarded as subseales with scores determined by adding the individual
member item values. All statistioalanalyses for this study used the computer
programs of the BC TRY System which is described in detail in Tryon and
Bailey (1970).

3. Results
:3.1. lIfodijied Adjective List (MAL)

Items retained for the MAL were those showing appreciable pre-ride to
end-of-ride changes. Selection was made, first, by ordering all items on the
JAL' according' to their mean pre- to end-of-ride.changes, Of the original
JAL items, 18 showed less than a criterion of 10% change from pre- to end-of
ride and were excluded from the MAL. Second:. four additional items of the
JAL were apparently redundant and were excluded from the MAL in favour of
similar items which showed at least a 4% greater pre- to end-of-ride change.
For the.22 IAL items excluded from the MAL, the pre- to end-of-ride change
ranged from 0% to 28% (mean 10·4%), while' for the items inclnded in the
MAL, the pre- to end-or-ride change ranged from 10% to 84% (mean 39-9%).

Figure 1 depicts characteristic pre' to end-of-ride changes for the MAL items.
The items categorized into three groups, i.e., Type 1, 3, and 1-3, based on the
modal pre-ride item scale-point choice. For Type 1 items, the pre-ride modal
choice was 1 on the 5-point scale. Twenty-one items of the MAL were Type 1
with a mean pre- to end-of-ride change of 45'2% for both rides. Type 3 items,
of which there were ten on the MAL, had a modal value of 3 on the 5-point scale
and a mean change of 36'6%. Type 1-3 items were bimodal at scale points
] and 3 during rest. Ten Type 1-3 items were on the :MAL having a mean
pre- to end-of-ride change of 31·9%. 'The response to the Type 1-3 items was
quite variable at rest. However, the items.always had a unimodaldistribution
for end-of-ride and an acceptable pre- to end-of-ride change, suggesting that
they should be retained in the MAL.
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Subjective Responses to Prolonged Exercise 215

TYPE 1
33·Legs Weak

TYPE J
23-Comfort<thlc

TYPE 1,3
21-Thirsty

~

c-IX:

Z

• Pre ride ~ Pust,rwe

N

~c-IX:

Z

SCALE POINT CHOICE

Figure 1. Scale point choice frequencies of the 3 types of items obtained from the pre- and end
of-ride Modified Adjective Lists of Rides 1 and 2.

a.2. Derivat~on of the Physical Al;tivity Questionnaire (PAQ) .

A key cluster analysis was performed on all items of the two end-of-ride
MALs to empirically identify symptom clusters and their defining items.
Together, the key cluster analyses identified seven clusters of items initially
labeled Ol to C7. Cluster C4 (Ride 1 only) and C5, C6, C7 (Ride 2 only) were
dropped from further consideration since they proved to be unique to the
analysis of only one of the rides. Additionally, they exhaused less than 8% of
the initial estimated communality or were redundant and highly correlated
with a more substantial cluster: Only Cl; C2, and C:~ were common to both
rides, although minor differences occurred in regard to the specific defining
items of each cluster. In general, the differences between the item content
of the clusters for Rides 1 and 2 were resolved by selecting for definers of clusters
Cf , C2, and C3 those items that appeared at least as a defining item of a cluster
on one of the rides and a highly collinear nondefiner of the corresponding
cluster for the other ride. One exception to this rule was made: Item 13
(Aching Muscles) was a highly collinear nondefiner forboth rides, but it appreci
ably '!llproved the internal consistency of C1. This item was preset as a
definer of Cl in subsequent analyses.

The Physical Activity Questionnaire (Table 2), derived on the basis of this
analysis, is an 18 item questionnaire providing an overall score and three
cluster scores by simple addition of the individual item scores of each cluster.
On a conceptual basis, the clusters Cl, C2, and C3 were labeled Fatigue, Task
Aversion, and Motivation, respectively.

3.3. PAQ Preset Key Cluster Analysis
The ability of the P AQ clusters to account for the total variability represented

in the initial MAL correlation matrix, was assessed by a pre-set key cluster '
analysis for both rides. In this analysis of the MAL, clusters Ol , C2, and C3
were preset by designating the PAQ items as the cluster definers.
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S~bbjective Responses to Prolonged Exercise 219

Table :3 shows the defining items and highly collinear nondefining items
comprising each cluster of the. empirical analysis for end-of-Ride 2. The final
item composition for the preset key cluster analysis is also shown. The results
for the orthogonal and oblique preset key cluster factoring show that without
exception factor coefficients are higher within than between clusters. Partial
communalities (h2) for the items ranged from 0·84 to 0·58 in oi, 0·82 to 0·:38 in
C2, and 0·59 to 0·41 in C3. The cluster Cl exhausted most of the initial esti
mated communality, 69%, while C2 and C3 exhausted 16% and 15% of the
initial estimated communality, respectively. For the preset key cluster
analysis for end-of-Ride I, the percentages of the initial estimated communality
exhausted by the individual clusters were in close agreement: 75%, 16%, and
11% for Ct , C2, and C3, respectively. Since the percent of the initial estimated
communality exhausted is based on the residual correlation matrix after the
first cluster, it is a biased estimate of cluster generality, i.e., the amount of
the initial correlation matrix accounted for by each cluster. An unbiased
estimate of generality can be obtained by reversing the factoring process,
and using each cluster on a first factor basis to reproduce the original raw
correlation matrix. Applying this procedure, oi reproduced 80% of the initial
correlation matrices for both rides; C2 reproduced 26% and 17% for Rides
1 and 2, respectively; and C3 reproduced 28% and 9% for Rides 1 and 2. Of
the residual correlations remaing after the three cluster preset solution, 79%
were less than 0,10, indicating that clusters oi, C2, and C3 were able to account
for almost all of the initial raw correlation matrix.

3.4. P AQ Structural Description

If the PAQ has an adequate cluster structure, then its clusters should be
characterized by high collinearity and independence. Since these measures
capture the essence ofthe key cluster analysis approach, both of these structural
characteristics were evaluated in detail.

Collinearity, i.e., the degree to which the items within a cluster share similar
patterns of correlations with other items of the. score space, is summarized
schematically in Figure 2. The Fatigue cluster appears to be a very tight,
highly collinear cluster, with Motivation noticeably less collinear. In agree
ment with the figure, the index of average collinearity, p2 (where 0 ~ p2 ~ 1),
was higher for items within rather than _between clusters. Mean p2 values
for end-of-Ride 2 were 0'94, 0'78, and 0·44 for Cl, C2, and C:3 respectively.

In Figure 3, the spherical analysis (SPAN) diagram of the BC TRY system
is reproduced showing the loci of the clusters for end-of-Ride 2 on the surface
of a three dimensional spherical space. The boxes labelled I, II, and III are
the termini of the orthogonal axes which are located by the factoring process
and pass through the origin of the sphere to form the orthogonal factor stru c
ture. The orthogonal structure serves as a frame of reference to locate the
oblique clusters similar to the coordinates on a map. The loci of the oblique
clusters form an invariant configuration on the sphere, labeled oi, C2, and C3,
which are inter-connected by the dotted arcs. The oblique cluster structure
describes the actual relationship that exists between the clusters.
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R. A. Kinsman et al.

PHYSICAL ACTIVITY QUESTIONNAIRE ITEMS

0263613J~

Figure 2. Collincarity of tho Physical Act.ivif.y Questionnaire clusters for ond-of-Ride B. Note
that tho correlation coefficient of euch item with itself, being 1·00, was not plot.ted. For
tho name of each numbered item, see Table ~.

Within the SPAN diagram, collinear items tend to group and are more
tightly packed, the greater the cluster collinearity. 01 again appears as a
dense, relatively tight cluster in the SPAN diagram showing excellent collin
earity between the cluster items.

Figure 2 also provides information concerning cluster independence for end
of-Ride 2. In the SPAN diagram, highly independent clusters tend to be
widely spaced and to group around the termini of the orthogonal axes. In
Figure 2, all clusters appear relatively independent; an observation supported
by the low inter-cluster raw score correlations shown in Table 4 for end-of-Rides
1 and 2. In addition, internal consistency reliabilities shown on the diagonals
of Table 4 are high for all clusters, ranging from 0·94 for Cl to 0·77 for 03.
Ride 2 shows a greater intercluster independence, while the internal consistency
reliabilities remained at the same level as Ride 1.

Presetting the clusters as well as their defining items for both rides, permits a
direct comparison for both rides through comparative key cluster analysis.
This analysis describes the similarity of the cluster structure between replicat
ions of a study by providing an index of similarity (Cos 0; where 0.;; Cos 0.;; 1),
which reflects the extent to which the oblique factor coefficients of the cluster
defining items share the same patterns across t~e other items of the score space
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S~(;bjective Responses to Prolonged Exercise 221

(Tyron and Bailey 1970). In brief, if the replications are for the same subjects
at different times, as in this study, Cos () describes the stability of the cluster
configuration. The clusters are seen in Table 5 to be highly similar between
Rides 1 and 2, having Cos () values of 0,88, 0,84, and 0'75 for Cl , C2, and
C3, respectively. This result indicates that the Physical Activity Question
naire can serve as a reliable instrument. '

MOTI yAII O.&c....l
29-drive ~-"""'=:-

3 8- y i go r 0 U s
22-determined

FATIGJJF, C I / i
40-panting I .

•:';1'.;.; J,.

~E?i;:t::~a~~:~:~h Je. ----.- -.---.~:;~~w;:.:~:'~
2 6-diffic u I t to bre a t h "".,,:.:.·.w --------- I- pe rspi ri n g

36-shaky legs 23-comfortable

13-~ching muscles ~ 35-do something

39-drYm~~y

~
Figure 3. Spherical configuration of Physical Activity Questionnaire clusters for end-of-Ride 2.

F'or explanation, see text.

Table 4. End-of-Ride raw cluster score correlations and reliabilit.ies"

Fatigue Task Aversion Motivation
(01) (02) (0:3)

RIDE 1
Fatigue (01) 0·92 0·48 0·63
Task Aversion (02) 0·83 0·2:1
Motivation (03) 0·7'7

RIDE 2
Fatigue (01) 0·94 0·34 0·2:3
Task Aversion (02) 0·83 0·17
Motivation (03) 0·78

a Reliabilities are underlined and shown on the diagonal.

ERG. Q
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222 R.\A.I~insman~t .'al.

0-66
0-30
0~4'8

,0-55
0·41
O~47

6. " Cos 8· values cmp-pad,ng key' cluster analyses sohrtions for: end-of
Rides 1 and 2a

,Fatigu~ Tltsk a~~rsio~ IMoti~ation
. '(ct) ',(C2)' (C3)

Fatigue (C1,) ,
(1'00)
(1'00), ,
0·88

Co.mparison
I ' '

: Tab,le

i Ride 1
Ride 2
Ride 1 vs. 2

Ride 1
Ride 2
Ride 1 vs, 2

Task Aversion (C2)
0·55
0·41
0·47

(1'00)
(1'00)
0·84

0-24
0·20
0·22

,1 ,

Motivation ('03)
Ride 1 I_ 0·66 0-24 (1-00)
Ride 2 0'3@ - 0·20 (1-00)
Ride 1 vs. 2 I 0.'42 0-22 0·75

aUnderlin«d Cos 8 values index the c811ineari1iy for corresponding clusters

between Rides 1 and 2. Values in parentheses index collinearityfor a cluster
compared with itself' within a ride land are' therefore unity values. The
rernaing Cos 8.values index collinearity between different clusters within and
between rides.

,
3.5. Magnit'llde and Oonsistency of Symptomatqlogy 'Change During Physical

Activity I

The subjects rode at 55·6 ± 2'80/0 of their estimated aerobic capacity which
ranged from, 2'65, to 4,90 Iitres Q~:lmin(meaJl~'8 Ljmin). Quitting times were
86 ± 24 min and '36 ±22, min for Hides 1 and 2; respectively. Pre- and end-of
ride raw score means Eindstandard deviations for each cluster -and the overall
PAQ are shoiW~ in,ITaHH~16. ,To -obtain these values, the individual item scale
scores of each subject were summed for dusters Cl', 02; 0'3, and 'the overall
PAQ. The mean pre- and end-of-ride raw scores were in dose agreement for
Ride 1 and Ride 2.,' Fatigueand Task Aversion show ~ greater magnitude
of change than MotivGttion for both rides. All pre- tojend-of-ride changes
were statistically' significant' (all Ps < 0·01).

Mean percent pre- to end-of-ride change for the overall PAQ score was,570/0
for Ride 1 and 64% for Ride 2. ' The individual cluster scores, 01, 02, and 03,
showed mean changes of 950/0' 158<10; 'and..l1 ~~ 'for Ride 1 and 1050/0' 800/0'
and ,21°/<> for Ride 2., Coefficients of stability for the.pre-, to end.of-ride change
in overall and individual duster scores- between-rides were 0,82, 0,83, and 0·65
for the overall PAQ, 01, and 02, respectively. C3 (Motivation) had a consider
ably lower coefficient of stability, 0,38) than did the other individual dusters of
the PAQ..

Table 6. Pre- an:d 'end-of-ride means and standa~d devi~tions for raw cluster scores and overall
PAQ3,b

R~l R~2

Pre Post Pre , Post
Fatigue (C1) 13·37 ± 3·16 26·12± 7·28 12·80 ± 3·30 ,26-·25 ± 8-27
Task Aversion (C2) 10·05 ± 2·58 15·88 ± 2·87 8·177 ± 2·10 i lQ·82 ± 2·96
Motivation (C3) 1l·65±3·12 12'95±2-89 1l·37±3.,22 13·73±2·82
OverallPAQ 34·98±6·53 54·95±10·68 33·93±6·16 55·80±10·76

aFatigue (Cl), Task Aversion (C2), and Motivation (C3) have 10, 4, and 4 items, respectively,
resulting in the '18 item Physical Activity Questionnaire. The possible raw score ranges are
from 10 to 50 for Fatigue, 4 to 20 for both Task aversion and Motivation, arid, 18 to 90 for the
overall Physical Aot.ivity Questionnaire. . ,

bData are based on 6? subjects. Four subjects werle excluded due to missing data points.
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4. Discussion
This study supports the hypothesis that subjective changes during exercise

are multi-dimcnsionalund, on an empirical basis, tend to group into unique
clusters. Key cluster analysis (Tryon and Bailey 1970) identified three inter
nally consistent clusters of subjective .change subsequently labeled Fatigue
(01), Task Aversion (02), and Motivation (03). The Fatigue cluster consists
of those subjective symptoms specifically descriptive of bodily feeling states
associated with prolonged exercise. Task Aversion appears to measure. a
general level of discomfort and disinelinati.on to continue the task. The Moti
vation cluster consists of subjective items describing change in arousal and
activation I~vel. The present Physical Activity Questionnaire is an 18 item
self-report questionnaire that can measure change in each of these three sub
jective symptom clusters during strenuous exercise. Use of the PAQ requires
only that the subjects' be practiced in regard to the rating of subjective
symptoms by several administrations of the questionnaire prior to study.

Of the individual. clusters, Fatigue is the most conceptually clear, internally
consistent,. and has the highest stability of change upon replication. In
addition, it is the most general cluster in that it reproduced nearly 80% of the
initial correlation matrix of the Modified Adjective List. Task specific (e.g., Legs
Shaky a~d Legs Weak) and general fatigue items (e.g., Worn Out and Drained),
are included in the cluster. Although derived independently, the general
fatigue items are similar to those of a subjective physical. fatigue dimension
found by Wolf (1967) and reproduced by Wijting et al. (1970). A second key
cluster analysis. solution of the current data, using only the 26 items-of the
Initial Adjective List showing the most. pre- to end-of-ride change, identified
separate Leg Fatigue and General Fatigue clusters (Weiser et al, 1971b). For
tasks such as bicycle riding, the highly specific leg fatigue items could be expec
ted to change along with items describing general fatigue" T~sks.using other
muscle groups, e.g., those used in carpentry or bricklaying, require additional
items' specific. to that type of work. Techniques such as those used in this
study would identify appropriate items to be-used in a modified PAQ.·

. Task Aversion, which at first appears less conceptually clear than the Fatigue
cluster, had a high internal consistency and excellent stability of change upon
replication.. These items appear .to measure aversion to the task in response
to discomfort; as such,. this cluster may prove useful in differentiating between
individuals showing similar physiological response. to .exercise, yet differing
in regard to their work tolerance. While further clarification is needed, the
inclusion of the doublet symptom set, Perspiring and Sweating, appears reason
able in view of a study by Gagge ei al, (1969) which indicated that the sensation
of thermal discomfort during exercise was principally related to skin conduc
tance and sweating. Inclusion of items describing the subjective feeling of
warmth (e.g., overheated, hot, etc.) during exercise in future studies may
further clarify the meaning of'.this cluster.

Finally, the Motivation cluster while conceptually clear has a relatively low
internal consistency and stability of change upon replication. Both of these
reliability measures may be improved by the 'addition of new items. An
adcquate Motiviation cluster has high potential utility since the pre-work
motivational level, in addition to motivational changes during work, may be
importantly' related to work tolerance (e.g., see Bartley and Ohute 1947).. .
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The approach used in this study regards the derivation of the unique sub
jective symptom changes during strenuous exercise as a problem capable of
empirical attack. Recently, there has been some renewed interest in measuring
discrete aspects of subjective change during prolonged work. The Industrial
Fatigue Research Committee of Japan has suggested a checklist to measure
three components of fatigue, including a ' dull, sleepy' factor, a 'decline of
working motivation' factor, and a factor' describing the projection of fatigue
to some parts of the body' (see Kogi et al. 1!J70 and Yoshitake 1!J71). There
appears to be an interesting correspondence between the conceptual content
of these factors and our empirically derived subjective symptom sets of Fatigue
(Cl) and Motivation (C3).

We think it is significant that quitting times varied substantially in this
study, ranging from l~ min to !J8 min, even though all subjects performed at
close to 56% aerobic capacity. Other factors in addition to aerobic capacity
are obviously required to account for differences in work tolerance during
strenuous exercise. For example, the greater the heart rate increment of our
subjects during an early period of exercise, the sooner they stopped riding
(Weiser et al. 1!J71a). Change in subjective symptomatology may show a similar
relationship. In this regard, we are currently examining the change in PAQ
subjective symptom clusters during exercise, and their relationships to heart
rate increment and work tolerance.

In contrast to undimensionalmeasures of su bjective fatigue or effort (Pearson
11)57, Borg 1!Jli2, McNelly 1!J(6), adequate multidimensional measures of
subjective change during exercise permit typological analysis of subjective
symptom change. Differences may exist between identifiable types of individuals
in regard to their pattern of changes across various clusters of subjective
symptomatology. For example, during a given task, one type of individual
may tend to terminate his work in response to increased subjective symptoms of
Fatigue, while another may do so in response to both a decrease in Motivation
and an increase in Task Aversion. In addition, unique patterns of subjective
changes across independent clusters of subjective symptoms may be associated
with specific tasks and task conditions. In our view, such complex patterning
of subjective change is highly probable and could obscure any direct relation
ships between work tolerance, subjective changes, and physiological factors.
The lack of direct relationships between underlying physiological factors
during exercise and unidimensional measures of subjective change may have
been paritally responsible for the rejection of subjective symptomatology
during physical activity as a valid area of study.

The authors gratefully appreciate the technical assistance of Me. E. L. Gibbs, Mr. J. L. Harrell,
and Mr. Q. D. Schwenk. We also acknowledge tho UBe of a data terminal provided by the
University of Colorado Medical Centre and funded by National Institutes of Health Grant 00404·0 L
through the Division of Research Facilities and Resources. H. A. Kinsman's present address:
Psychophysiological Research Laboratories, Department of Behavioral Sciences, National Jewish
Hospital and Research Center, Denver, Colorado U.S.A. 80206.

Cette etude s'et.ait proposec d'etudicr les modifications dans les aymptomos subjectifs survenant
au com's d'uno cprouvo prolongec sur un ergocycle. Au cours de deux seances, 64 sujets de sexe
rnasculin (age moyen: 22,9 ens) dcvaicnt fournir sur un ergocycle un travail equivalent a 55,6 ±
2,8% do 10. cepecitc aerobic, avec la coneigno de poursuivre le pedelagc [usqu'e eprouver un incon
fort les ohligeant d'arreter l'eprouve. Los delais d'abandon etaient en moyenne de 36-24 rnn ,
pour Is premiere seance et de 36 ± 22 mn pour Is deuxieme seance.
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Cheque item d'un ensemble initial de 63 adjoor.ife decrivant loa changements subjectifs ressent.is
pendant I'cprcuve report» sur une echelle de sovcrite a [) points (Le ebsence, .5=severe). Cotto
dprouve d'est.imet.ion etait administeee avant et apres cheque epreuve do pedalage.

Aprea uno analyse des conftgurefions-clos portant sur les 41 items presentent au mains 10 p.
100 de changements, it a eM elabore un questionnaire d'act.ivite physique (PAQ) comportant 18
items. II etait forme de trois configurations uniqucs ct colineaires de symptomes ot appolees
Fatigue, Aversion pour le tache ot Mot.ivat.ion. L..es analyses comparatives des configurations
clos ont mis en evidence un bon accord entro le premiere et la deuxieme epreuve.

Les variations moycrmes avant-upres, pour les doux epreuves, so rapportenb eux conflgurat.ions
relatives au PAQ global, it la Fatigue, it, l'Aversion ct it la Motivation eteient respectivemcnt do
61 p. 100, de 100 p. 100, de 60 p. 100 et de 16 p. 100. Lcs cocfficiente de stahilite eorrespondant
au PAQ global, a 10. Fatigue ot a l'Avorsion etaient respecbivemenf 0,82; 0,83 et 0,65. La con
figuration Motivat.ion preseutait un coefficient de stabilite do 0,38 qui e'overo.iu ainsi considerable
mont plus faiblc que celui des uut.res configurations PAC!. Cos resultate suggerent que les change
mente subjoctifs sur-venanb au cours dune epreuve rnusculaire tendent it so regrouper dans des
configuret.ious uniques de symptomes qui pcuvent etrc mcaures ftdelement..

Die Charakt.orfscik del' Veriinderungen subjektiver Symptome wahrcnd lang fortgesetzter
Redfuhrarbeit wurde in dieser St.udic erforscht. Bei zwei Gelegenheiten fuhren 64 monnlichc
Personen (mittleres Alter 22,9 Jahre) auf einem Fehrredeegometer mit 55,60/0 ihrcr eeroben
Kapazitut mit del' Ensbt'ukt.ion, die Fahi-t solange fortzusctzcn, bis sic so unangenehm wurdc,
dass sie cine Beendigung fill' notwendig hielt.en, Die mittleren Schlusszeiten waren 36 ± 24 min
und 36 ± 22 min fur die ersto bzw, zweite Fahrt. Jedes eincr Anfangsgruppe von 63 Merkmaton,
welche die subjektiven Vcritndot-ungen wahrertd del' Arbcit beacht-ieben, wurdcn Hings einer
s-Punkte-Skale del' Schwere (1 =Fehlanzeige, 2 = schwer) vor und am endc beider Fahrten
aneorclnet. Durch oino Schlusselanalyse del' 41 Merkmele, die wcnigstens 100/0 Andenmgen
wnbrcnd del' Arbcit zeigten, wurde aus 18 Morkmalen em Physischer Aktivitfits Fragebogcn
(PAQ) abgeleitet. Er bestand aus drei einzigen. eollinenrem Symptomhaufen, bezciehnet als
Ermbdung; Arbeitsabneigung und l\Iotivation. Verglcichende Analyse zeigte eine gute Ahnlich
keit, zwischen den Heufen bcidor Fahrten.

Die mittleren von Anfang bis Ende wuhrend bolder Fahrtcn erfolgenden Anderungcn fur die
Gesamt-PAQ, Ermtldung, Arbeitsabneigung und Mot.iva.t.ion-Haufcn betrugen 61 %, 100%, 69%
und 160/0' Die Ste.bilitstts-Koeffiztenten fiir die von Anfang bis Ende erfolgende Anderung dcr
Gesarot-PAQ, Errntldung und Arbeitsabncigung betrug 0,82, 0,83 und 0,65. Del' Motivat.ions
huufcn hatto einen botrnchtlich niedrigeren Stubilitutekoofftzienten. 0,38, als die anderon PAQ
Haufen. Dieae Resulta.te lassen verrnuten, dass subjektive Anderungen wtthrond der Arbeit
die 'I'endenz habcn, sich in cincm einzigen Huufen von Symptomen zu gruppieren, die zuverlnssig
messbar sind.
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