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Committee ¢u Salectlon apd lreipirg o1 Alvsraft Piluts

February 21; 1946

Dr. Dean R, Brimhall

Asst. to Administrator for Ressarch

Civil Aercnautiss Administration

Room 3895, Commerce Building

Washington 25, D, C. .

Dear Dr. Brimhall:

Attached is'a report entitled Meesures of Exeroise Tolerapce, by
CGraig Taylor and Reymond Franzen, Thie report is submitted by the Com-
mittee on Selection and Training of Alroraft Fllots with the recommenda-~
tion that it be included in the series of technical reports issued by
the Division of Research, Civil Aeronsutics Administration,

The report describes & series of investigations undertsken to pro-
vide acceptable measures of exercise tolerance. An outstanding fsature
of the investigation is the use of refined statistical techniques to
determine the applicability of a batiery of submaximal cardiovascular~
respiratory measures in predicting rmaxima) tolerances for specific types
of physical activity. Because of the number of cases-and of other fao-
tors the lnvestigations are necessarily of an exploratory character.
Neverthsless, they have produced outcomes in the way of & methodological
approach to the construction of physiological testa which 1s of great in-
tereat in terms of ocurrent problams and of methods in the examination of
physiocal fitnees.

- i;%;;%;iz:fr"
Morris S. Viteles, Chairman
Committes on Selection and

Training of Aliroraft Fllots
MSVipd National Research Counoil
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This report pressats anolher of the sarly investigations undertaken
under the asuspices of the Committss on Seleotion apd Training of Alrersft
Pilots in the general area of problems concerned with the deterxination
of the relsticnships between physiological response to exerolse or stress
situations and physiocal fitneas.

Previous studies published in this series of reportst have besn con-
sernsd not only with the development of a maxinized battery of physiologi~
oal sessurenents for the prediction of particular work or stress situse
tione, but also with the anaiyeis of the predioctive signifiocance of these
variables in terms of abiiily to learn to fly. By and large thess stud-
4e8 have shown (1) that the cardiovascular-raspiratory responses to short
axarcise tests are not significantly relsted to flight proficiensy, (2)
that longsr periods of messursxent are necessary if & pearticulsxr physio=-
logical funotion is to bs reliably repressnted by the msastremants re~
corded, (3) that within the range of "svarage phyaical effioliency” these
measures ars not dimcriminative, (4) that in order to get & valid meas-
uremsnt of physical response to exersise it would be necessary to stand-
ardiss not only the physioclogical msasurse thamselves, but also to develop
a oriterion situation which would permit discrisination among individusls
with reepect to exercise tolerance.

The studies reported in this report deal with (1) the development of
a oriterion test for the eveluation of exsroise tolerance, (2) an analysis
of extsting standard fitness tests in terms of this oriterion, (3) an anal~
yals of the relationship betwasen the cardicvascular-respiratory msesurss
and this oriterion, and (4) determinatiocn of the interrelstionships among
the physiological measurss thamsslves.

1Larazm, L. A, §

m&' Ra; w El&im!, Lo gvaluation ) b, 4
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The experimentel work on thees problems was begun in March of 1941
at Stanford University with funis mede awvailabls from a grant-in-aid from
the FRC Commitiee on Selsction and Training of Alroraft Pilots, originally
made to Dr, J. K. Lewis, /he firet seriea of studier was conploted in
November of 1941 and a report, Studies in Fhyslcal Fitgess I, was submit-
tod to the Committee. By the end of Juna, 1942, three additional series
of investigutions were comuleted amd the results analyzed statistiocally
in occcperation with Dr. Raymond Frangen, Two additional reports were
subsitted praaent:mg these materials.

On April 1, 1942, finanoiel support for continuation of thess studies
was transferred to the Committee on Aviation Medicine of the OSRD under
contract CEM cmp 122, Statistical anaslyses of the results of these stud-
ies continued to be carried out by Dr, Franzen for the Committes on Seleo-
tion and Training of Aircraft Pllots,

In addition to the reports of research in this aresa pubmitied to ths
NRC Committes on Selsotion and Training of Aircraft Pilots, other etudies?
wors submitted to the Committiee on Meiical Researsh, Office of Scilentific
Ragesarch and Development, The last two reports cited below wers prepared
jointly by Dr. Teylor and Dr, Franzen and wers also submitied in summary
to the Committee on Selection and Tralining of Alreraft Pilots.

In reading the following report it will be noted that these studies
cén be considered as saxploratory only and that mmoh experimental work re-
mains to be vompleted before definltive oconclusions can be reached. Due
to the nature of the sample used {a homogensous group of physically “normal®

2Taylor, C., Allen, S, C., and Hall, V., E. Qribostaxlo dusufficiegoy
» Committee on Aviation Kodicine, OSED, Jums 1943,

Teylor, CG,, Brown, G. E,, and Moxris, B. Muscle epdursnce feske of
. CMR, CSRD. June 1943,

Teylor, C.
June 1943,

mlﬁr; 1’ ani Bmm, G 5. %
lthy vouog men. CMR, OSED, Jme 1%30

1 A hypioel Fitnegs. CMR, OSED,  dune 1903,
‘Earlar: C., and Horr&ﬁ; R. W&WM
% 1 Lotk A g A~} % 1- A L iy m’ m. June 1%3*
Taylor, C., and Franzen, R. Cardlse patterns relatod to sxsrcise
talaranga. CMR, OSRD. July 1‘%3;

Taylor, C., and Franzen, R.
CMR, OSRD, July 1943. ’
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aubjects within a very restricted age rangs’ and the relatively small num-
ber of eubjecta involved as compared with the largs number of variables
under investigation, the results cannot be generslized and must aserve only
to indicate the direotions which further investigations should take., Such
investigations will, of course, involve & larger and mors heterogeneous
population of subjects and will consider the valildity of the criterion
tast in terms of flying and possibly of other work situations,

The studies desacribed in this report have served to indicate inade-
quacies of existing tests of physical fitness and the unreliability atten~
dant in the physicloglical measures belng customarily recorded as predic- .

tors of phyelcal fitnesa. They have also suggested that s simple, sasily

adrinisterad, "submaximal” test which is under control of the examiner
reprasants a practicsl means of assessing phyalcal fitness. -
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MEASURES OF EXBRCISE TOLEHANCE
FREFACE

This report embodies the results of a series of preliminary inveati-
gations undertaken with a view to the development of a atandard test of
axercise tolerance and the construction of a battery of cardiovascular-
respiratory measures which might serve as an index of the physical fitness
of the individual being measured.

One of the first problems oncounterecd in these investigations was to
gecurs a wvalid criterion measure of the physical fitneas or exercise tol-
erance of the individual, i.e., some method which would messure the sotusl
amount of work the individusl was cepable of performing. Since there 1s
little agreement sz to the meaning of the term "fiiness™ and since any
meaning which might be attached tec the term cannot be separated from the
particular work or exercise situstion ir which the indlvidual finds him-
sslf, it was decided to construct e standerd measure of exercise tolerance
which would relisbly meseas the subject’s maximl capacity for a pasrticular

tyve of work.,

Accordingly, the meximal tramcmill teat was devsloped for purposes
of theas iultlal studles, &Since such e test domands that the subject be
exarcised o the point of physical collapze or extauciion, 1t is not prac-
tical for use ia tha fleld, The uliimete geal is therefors 4o construct
a shorter tost from which the exhaustion sudpoint of the individual can
be rsilably predicted,

A second majlor problom socountesred in those studies wes the reliable
measurement cf the physiolopicel respoaics to exsrelss. Accordlngly, cons
of ths mrlor ob]actlvaes of thesz Irnvertimiticns hns beon the develsopment
ef reliable messurements cf tha cacilevasralsr and resplratery responsea
to the teste of ouwerclae tolspanse.

In such stuifes as thsga thare gr1e, of corree; ruyny sources of unson-
trolled warlamce zuzh w8 wotivydeon of ih2 cupject, diet, previous practiss,
anthxopomatric diffsrences, ard s8¢ forii., 0 gs far as possidble, these maj~x
sourcoa of varience have béen Peolkan inlo grcount. It will Ye necessary
however, in final giudles to bLs cowurlcd in this arsa to control rigidiy
evary major sourcs of wari~als 4 » ovalld mansure of exereies tolerunce is
to be davelopn’,

The studits discusssd 1n the foll~wing asrtisng of the report ave
adrittadly expleratevy eriy, The rre confined Lo the atudy of a relatively
- homogarecus population ef auvbiuela wilth rospoct to 2uch Taclora ea age,
goreral state of LemIth. sax, nnd so forth, farh ctufies as these do, how-
ever, pniki the sy Tor fusrthor reusaveh In thiz area and go a long way
tomard thke developnsrt of n test of zvereisy teieranen and of measurzs of
the physicliogieal ranctioms te erireise whileh might prove of prectieal
predictive slgrifleunes in the evalusticn of an Individual's sultability
fin tarms of phyriesl fitwe 20) {0y grcupatinss which dowed 2 high degree
ot phyeie- b ovnryss ar tha s2libe to ol abend ortrenz fatigue.



SECTION I
MAXIMAL TESTS OF FXERCISE TOLERANCE

INTRCDUCTION

In order to construct a velid battery of physiclogical measures which
will prediect the ultimate "exerclse tolerence" of the individual, it 1a
necesgary that the measures be recorded for each individual throughout an
exercise or work period which culminates in complets physical exhaustion,

In this section ars presented the results of a geries of exploratory
experiments which iavelve the analysis of cardiovascular and respiratory
measurss of suibjects who were subjected to a maximml test of exercise tol-
erance resulting in final aAnd complete exkaustion of the subject,l

As wae Indicated earlier in thls repert, such a severs test of exer-
cise tclerance {continuing umtil exisustion) is impractical for field use.
Initial studies such as thess are nesassary, not only for purposes of max-
imizing a battery of predictive plysiologicel measures, but mlasc for . the
construction of a8 criterion messure of cxercise tolerance against which
ghorter more practical "fitneas® tests mmy be wvalidated in subsequent stud-
les.

THE (MAXIMAL) TRECADMILL TEST

Apparatug. Briefly, the troadnill teat consists of an endless belt
running over itwo stesl pulleys -~ one metor-criven, ths other an idler.
Between the .pulleys the rumning suwwrface of the baelt 1s supported by a ser-
los of bell-bearing rellers which suppert Lie velght of the subject and
furnish a satisfactory rumning cwiace, J{ha front end of the treadmill
can be raised or loverad by & vertieally olaced scrow. This permits dif-
fersnt inclipations {pltzhes) of the ruining surfacs to be ussd in order
to increase the physieal work inwvolved li *uo exercise, Differcaces in
pitches are expressed as per cent grads according to the conventlonal rae-
ord. Differences in running rate may be brcught sbout by a speadeadjust-
ing screw which controls the satting of & Tolede TimerZ intorposed in the
Vebelt drive aystem. Thus, tha treadmill tezt offers all of the veriations
in exercise strees which ecan ba brought atoucr throvzh changing speed or
pitech of the running surface, '

Frocedura (Maximal Testa}. Tre complote test precedure is diyided
into {hree parts, the wrrmvp perisd, the roat poried, end the test ltself,

——.— o
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1rhe crediovive walus o idividesl exrilovagoviar and respirstory
variablea was inveail at.d 3 prailioinewy cGdize Invelving 100 subjects,
The mjer reeuivts of thrue e ldesr acos proaonted in dppendix A
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1~ The Yarmup Feriod. The belt spoed of tha apparetus wn- set at
108 moters per minute witih ar inclinstion {piteh; of § per ecent.
Fach sabja{:t wag required to walk at thig rate for fon minutes,
The primry purposs of thls portion of the procedurs {s to mccus-
tom the subjeet to the metlcn of the treadmill test an& to provids
him with = "limbering up® period.

2. %ﬁ%mﬂggkhggzzggﬁ Immadiataly following the warmup period, the
Joot was requirad to sit in a relaxed position for three min~
utes, This rest pericd fovoro the onset of persplration, an
important feature of haat losa and one of the difficult adjust-
ments of ®gegcond wind.¥ By inéuciﬁg some of those phyeslologioal
sdjustmentz bafore the ieat, pavt of the stress of sdaptation is
removed .

3, The Tresdpill Tesh. Tha inifinl run way begurn with the spaed of
the belt ndjusted to 1€2.15 wet-rv par ninuts and the piltoh set
st 5 per cent grade, A% this ppead, the subject runs at what
mipght be eailed & sedsretsly fet Jeg. i

Thie low rate not only amsuvred sufficiant durstlon of exercise to per-
mit full physiolopgical adjustrent, but aiiminated the difficulties of main~
taining 2 safe pace on ths tresadmill sa? the fear of falling off which occcurs
in goze subjonts shen faster speeds are usad, The uphill nature of the run
gove somewhnt mors stress st lover speeds, and by adding an ymususl feature
to the performance, minimized the factor of siill ip running as & source of
variance in the measures. Sincs the pace of the subject was controlled by
the motor-driven belt, the strategy of plamning the run, & propinent fos-
ture in competitive racing which wvarics with the experience of the subjaet,’
was completely eliminated, )

After one mipute of runmning on the 5 per cent grade the piteh of bell
way increased 1 per cent, Thersafter, the pitch wae increased 1 per ceni
aftor sach minute's rumning, foreing the svbjeet to run up & hill which
wag progrossively steeparg

Each subject was instructed to run to the point of ﬁcmplete sxhauatiena
Several methods wers used to urre him to this emdpoint. Previously cbtained
records were pointed ocul to the subject and he was impressed with the fauot
that only an experiment terminating in complste exhaustion could be consld-
ered wvalid, For ths younger subjects, a challenge of this sort waip usually

3he use of pitch increase instesd of an increase in speed as & weans
of gtepping up the intensily of ths work wna selected after ssch method had

- been given a prs&ininary tryout during ths explorstory studies with the ap-

parstus. Because of difficulties with higher speads which often arose In
subjects not used to rumning om the trendmill, grede incréass was selected.
Fror a physiological standpoint, there sssms to be little to chooss betwesn
these two typaa of work incrsase.



4. rrai wag ne.=Bsarv Lo get She most out of them. Trs speraiore sere
i1 charge of the Lemte: ope 7o take the heart retes and other measurs-
meni B; che other Yo gujide the subjeoct. :

By & combination of "cheer-leader" tactics in urging the subject on,
and by closely watching the physiologlcal state of the subject, the exam-

iner was able to bring the test consistently to a fairly well defined
exhaustion endpoint. The onset of excesslve respiration, gasping for
breath, steggering geit, and facial exprsasion of distress are all sigusa
that most subjects display when they are approaching exhsustion. W¥hen
these eappesred, the experiment could seldom be continued longer than a
minute and was most often terminated within a half-minute. A4 last re-
minder was given to the subject to run as long as possible.4 When com-
pletely through running, the subject gave the signal to atop the tread-
mill or gimply stumbled off the apparetus.

Scoring the Treadmill Teat. The subject's score on the treadmill
test was expredsed a3 the totel work output in kilogram meters. 8Since
the change in pitch 1s the basle of change in rate of work, the total
work outpui is proportional to the change in vertical distance climbed
per unit time. Thus, ths rate of ascent may be calculated by the for-
mulai

Belt speed {meters/minute) x grade (ratio of verticel couponent
to length of inclinad running surface) = Kate of Ascent.,

During the first minute of running at a pitch of 5 per cent and a
spesd of 16Z.16 metere, the vertical sccent world be (162.16 x .05) 2.11
meters. Zech additioma) piteh increaz: of 1 per cent adds 1.6 meters to
the rete of wertical aacent. Kow, zince the rate of ascent reached at
the exhsusiion poaint, the totsl sscent, and the time of running are all
proportional, *he total work sty be eslculeted from the formula:

Body Tt. {kiiea’ x Tolal Ascest i¢» yiual meters) = Tatal Work.

The product of thls calculetleon is exprecaed in vextical kiicgran
meters [(VEgh!. .

Since tody weight 18 & relatively Tisedi guartity fér. each subject,
the lighter sucjeci of aqual fitoess with e leasy wan would have to run
longer end elimt A grester vertiezl dist vee in order to accomplish the
same &roun’ of werk. A wuriord, tuis apoesr: to perslize the lighter
sudject unduly osnd thos to deiraen frow th- aeruracy of the measures of
work,

Aceorcdivgiy, o seell corretrtdon for “iig «ffect was meds. The res
greasion oY vork dons unan spocd ricchad snd body woeight was celcoulated.
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Totel Work {edjusted) = 104 Spesd (verticel moisrs/minuts)
¢ L4207 Wb, Tkilos) - 22,709,

This value, divided by 1000 for convenience, sgervad as the sub-
Jectrs ascore on the treadnill test:. Tor examplse:

Subject J.D. weighp 0.0 kilcgrans. Hieg treadmill record shows
tae following messurements: .

1. Time of run -- Pfivas miznstes.

2. Rate of ascsnt atteined — 14.57 meters per minute.
3. Tot&l Ascent.

5 x Rate lgt min, (2 11}_plus Rote 5th mip. .ilé;iil = 56 75 m.

L« Total Work:
Total Ascent (56.75 .} x 3ody Wt. (80.0 kg) = 4540 VXa
5. Treadmill Score'for subiect J.D. equelss

(1051) (14.59) plus {i42°v} (80,0} minus 22,703 » 4.04
1000 .

PEYSICLOGICAL TESIS

Blood Pressure Readingg. Systolic and diastolic bloofl pressure
readings were token by standard auscultatory techniquea by mesns of
Tycoa anmeroid sphygmomsnometerz. The appearancs of sound wae taken as
the systolic criterion &nd the point of xuffling of sound as the diastolle
criterion. Stenderd bell-type atethoscopes were used to detect the Korotkov
sounds, .

Heart Rate Determinationg. From continuous electro-cardictachometric
records tuken during the warmup periosd, the rest period, snd the maximal
run, the following heart rate measures were recorded: '

1. Steanderd Exerclge Heart Rate. The standard exercise heart was
recorded aa the half.rminute rate during the last minute of the
preliminary walking {warmup) period.

51n & preliminary study with 100 cases 1t was found that the correla-
tion between rate of ascent rsached and totel work was .923 » ,014 end be-
tween body wt., and total work .170 i 093, Theee figures would indicate
that body wt. causes 1ittle veristion in the emount of work done by the
subjects. However, it was arbitrarily decided to meke the correction inci-
cated in the text in order to tuke thls consideration into account in a
minor degree. See: Taylor, C. Studies in physical fitness I, 1941. (This

. . report ia on file with the NMRC Committee on Selection and Training of Air-

creft Pilots,)

sl
o) o -



e
ut

= ET«

i ' . e L ' PR Bt [ I N S N U
T . T £ ~ i Wy, e LA [ T
!-qq-' = ] ; . (LS -3 ST ENGR S
$[ *m#' ’ R B
. . : St -

2, Maximal Run Heart Bates. Heart rate counts were made for each
"half-minute of the test run baeginning at 15 seconds after th g
start of the run and contimuing until the run was complated.

Flaripeter Blow (FB). The Flarimeter’ is actually an adaptation of

the U-Tube mercury manometer, At stated pericds during exercise or dur-
ing a period of recovery from exsrcise, the subject 1a asked to inhale
and then to "blow" intoc a mouthpiece which commumnicates with a fluid
column of mercury. A very Blow leak in the side of the mouthplece per-
mits the air to escape at the approximate rete of 50-100 c.c.s, per min.
ute. (Actually, the lung air is far from exhausted during the blow,
espaclially when conducted nf'ter sxercise, and the test is essentially
one of "breathholding.") This small orifice makes easy the timing of
duration of of the "blow™ and ths procedure is simple for the subjact
to mester if given a short practice period before the study is begun.
Duration of the flarimetar blow was recoided in seconds and tenths of
seconds by means of a stopmatch,

In the studies presented in this section the flarimgter technique
was varied somewhat for the diffsrent groups as follows:

Presa.
Group Ho, Blews  mm Hg. ¥hen Taken
i, 1I, 111 - 1l | 20 1 minute affer stendard exercige,
IV-A, IV-B 3 20 45 seconds after standard exercise,
’ 2nd and 5rd blows follow 10 seconds
after the preceding., OScore is the -
" sumration of the three blowa,
v 2 20 45 goconds after standard exerclae,
. 2nd blow follows 10 peconds after lat,
. ' Score is the summgtion of 2 blows.

The subjects were urged to mainfein v.= Plow ag leong as they possibly
could. S1light fluctuationg about tha mark are of 1ittle consequenca, but
as the "breaking point" mpproaches, erratic excurasions of the fluld column
indieate the struggle to maintain the blew, Unleus theae signs occur, it

-

6These henrt rateca have besn fitted by a cubic equation, as will be
shown later in the paper, and with the excoption of the "terminal" heart
rate and the heart mtc at ths midpoint of the exerciss period, cte., they
do not appear imiividuslly in the analvsaiz of the data, Hather, various
functione of the "fittad® curves ara usad.

Tuckenzde, L. F., Wells, P, V., Lswis, ©, G., and flviseker, L. S.
Flarimeter tests of niroiater Mitress. Amar, o, ¥ed, Splencs, 1930,
180, 3/7-386, .

Bpor pufpssea of the prasent atudy tuncs variastions in fiarimeter tech~

nique are not considered importaent, aitho:di in subsaguent studies the pro-
codure will bs irvaalipatsd in come detall,
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1s 1ikely that the subject has not sxertad hizcelf suificlently. Abnorm-
ally short blows (e.g., less than 10 csconds durationa) if not accompanied

by signs of respiratory struggle, may indicato that the phyaioclogical and-
voint has not been reacked,

THE SURJ=CTH

All of the subj=cts lanvolvad in the present studies were botween the
agea of 18 and 28 yeara snd all ware "normal® in the sense that they pos-
sessed no known defecte or illneas which might have influenced their tol-
erance for exercise, All were elther collega atudents, laboreatory workers,
or members of the Armed Forces.

Subjects were divided autom:tlically into the followim.?, groupa accord-
ing to the dats on whick the tents were glven:

Srowp L - Subjects
I - 98] Stanford University studente and soldiers
11 : 977 in basic infantry ireining et ¥offett
111 - 45 |Field, California
IV=A 29 © Stanford University students
- {retast) (Re*ested as group IV-B)
v : 83 Stanford University students and scldiers

{ASTP unit at Stanford)

All tests were conducted in e hbo*at.ory where temperature was min-
tained within the limits of 66-76 degiees Fahrenbelt. No subject was
tssted within 1 hours of mesl time and ell wers asksd to eat lightly |

~ in the preceding meal, although such control of dist cculd not be guar-

antoed, Subjects were garbed in tennls ahoes and trunks and were rested
10-30 minutes bafore beginning the tests,

RESULTS

g theys pe Maydipnl Run He ates. Individual
graphs were plottod for the 24,0 aub;]ecta in Groupa I, II, and III,
ohowing half-minute heart rates plotted agalnet time of rumnning. In
Figures 1 and 2 are shown rspressntative curvea for two phyalcally fit
and two physiocally unfit subjects. It will be noted that, in genmeral,
the curve rises stesyly but with decreasing slope and then gradually
begins to level off though rising slightly. Fimally, ano upward curva-
ture appears as exhaustion ensues.

The curve for the physioally fit subjects can be seen to show a
more marked initial rise; a longer, lcwer, and flatter intermediate
period; and a less pronounced or non-sxistent final upward oumtm
whan oo-parod to the curves for unfit subjeota.
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‘ Fhyalologicelly, the physically fit man reaches his iniilal adspta-~
tion to strenuous exerclss more rapidly, then approaches the csondition

of a steady state. Since the physiceal wark involved is ateadily increas-
ing not even the most fit subjecis can attain a completely atsady state.
The unfit man, howsver, tends repidly toward a maximal 1avs1 of hsart
rtte and sarly saxheustion.

Attempts were made to determine mathemetically the line of best
fit foreach individual curve, It was apparent from inspection of the

. eurves that a cubic fit (3 degree parabolaa) was probably best suited

to the data, Howsver, both quadratic and cuhlc fits were tried out.
While there w-s a tendency for the vcurves of the physically fit sub~
Jects to approach a quadratic curvature, and even linearity, the cubic
fit fma the widest applicebilitr, Equations of the form Y o asbxtcx®s
wora csiculstod for 240 of the cases and fitted by the method of least
squares. kExamples of these eguations are given in Figures 1 and 2.9,10

hil;gx Tha nsxz step in the analyais of these data s to obtain
single and muitiple correlations tetween measures and the tresdmill
criterion. it sesms obvioue that nothing would be gained by the ep=
plications cf gueh treatments if the complete maximel treadmill test
were administered since then the treadmill acore itself would be svaile
able, .

In the enalysis of the data informati&n on the following points was
soughts

» 1
1. The extent vo whizh the meziml tieadmill performarce can be de-
fined in physlologicul torus guch sas heart rates and breathholding.

The patteras of phyesiclogice’l xoanrcnne which sre most welid &e
stems of exsrolse tolerenca az zzr sured by the treadmill test
and ths relstive lurortavse cf ocnch component in the rattery e
mensuras,

)

1

3, Th» measurss of tireadmill exerciss tolerance peftinent to o
ghorter, simpler, nrd stbraximal type of fitness test which will
prodlict performanca on the complete or meximal test,

e w s ———

OThese data as well =¢ the curves for the individual subjects are om
file with the NRC Cowmities on Zelection ard Training of Adireraft Pilote,

1°§Qitgr1§ note. Although cublee sear to be tha rost correct mthe-
matical sxprassion, it should be moted thet the "upward swing" on the
end of the curvee i3 of sppreximately the came magnitude as (or at lesst mo
greater than) the rendem Ductuntions trronghout the curvs and thorofore
may not repressnt a trus infiection point. Nevertheleass; the cubies did pro-
vide the hest mathematical exprocvsion of acceleration for vhese dets.
Whenever there was any doubt regarding the adequacy of the cubic fit the
curvillnear ccorrelation was compuied. HRatlonal equations were investigated
alsc but proved inudequate.
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* Binoe the terminal sbsolsse of the curves (Figures )l and 2) is a
neasure of sxsrcise toleranos, correlaticns of parameters of the ocublics
with their deyintionh wilY detearmine which cardiac factors such tolerance
deponds It is apparent that the curves may differ in (1) initial
pulse, (2) pulse at the widpoinmt, (3) terminal pulse, (4) slope, (5) ae-
celeration, and (6) the zero acceieration point. All of these measures
heve been obtained by differentiating the equations which have besn de-
mm& as the best fltting curve for the observations on each indlvid- -
ual,

Tables 1, 2, sand 3 prepent the linear and curvilinesr intercorrela-
tionas of the following variables for each of Groups I, 11, and III:

{1} Scors on the paximal treadmill test,

{2) Acceleration et the 4ib Walf-minuto, 1.e.; -the 2nd derivative
of cubles set at the 4th helf-minute {change in rate of in~
creage in beart rate).

(3) Acoeleration at the 6th half-minute, i.e., the 2nd derivative
of ocubles set at the 6th hs'if-pinute, ‘

#

{4} Stendard exeroise heart rate, i.s., heart rate during the
laat minute of the preliminary walk.

{5) Equation ocnstant, i.e., heart ﬁte at the midpoint of the run.

(6) Zero acceleration point,i.e., the time at which the final up~
ward curvature begamn.

n'w. The objection might be ralmed that the corrslations
betwesn the criterion and the heart rate scores are rendered unduly high
beoause of the fact that they are not indepsndent, in as mmoch as the length
of the abscliass of the heart rate curve sasentially corresponds to the
oriterion, Thus, when the criterion is one of the parameters of the ourve
1t would be expected that this parametsr could be predicted with a high
degree of accuracy from other selected parameters of the same curve.
Although' this was admittedly true, it should be noted that one purpose of
this investigation was to determine which of the parzmeters bast predictis
the oriterion in order that s "submaximal test®™ night be developed wileh
would approsach the wvalidity of materiels employling exerclse to exhaus-
tion. The prinecipal exploratory hypothesis waz concerned with definlng

a function of exercise tolerance in terms of early performance by analys-
ing the relationships of other parametars of the heart rate curve to the
abscisna, According to the authors "a vitsl conelusion which devaloped
from this wethod of analysiz was that you could predict this degree of
exercise tolerance from the curvature or lack of it et the beginning of

the heart rate curve." Final validation of such a submaximal test neces-
sarily should be osrried onsithdataonlyfmnthamlypartafthe

. Surve,

———rn

i



- bar

{7} Slope of curve at 4th half-minute, l.e., the lat derivative

of cubics szet at the 4ih half-minute {rate of increase of
heart vete!l. )

(8) Terminal heart rate, i.,e,, heabt rste during last minute of
the maximal run.

Examination of Tables 1, 2, and 3 revesls that variable (2) accel~
eration at the 4th half-minute is correlsted about .O with the eriterionm,
the peximal treadmill score in a1l throe sets of data. Acesleration et
the 6th half-minute is less valld in terms of the tresdmil] score and
less conplstent (r's = .49, .54, end .01 for Groups I, II, and III, re-
spectively) i<

Standard exercise heart rate correlates about ~.45 with the tread- ’
mili score in two sets of data but oply «.06 in the third., There 18
some evidence, however, that this finding is distinetly atypleal., To
check this point the data were redivided into two sets of 120 cases |
esach, and the correlations recalculated. It was found that in both of
the new sets of data the r was about -.30,

. Further proof of the abnormality of this low correlation between
standard exercise heart rate and treadmill acore 1s offered in a ldater
gection of this paper. It mey be stated here, however, that efforta to

replace steandard exercige heart rate with a heart rate during the run
were disappointing because a later heart rate, such as st the 4th halfe
minute, though more highly correlated with the ceriterion, is at the same
time more highly associated with the osther cardiac measures during the
rmmn and so dosa not contribute as well to the multiple,

The validity of the cther messures in terms of the treadmill score
can most easily be Judged by thelr effest on the multipls correlations
{Table 4). In Seotion A of thia %able are given the best multiples of
lst to 6tk order utilizing cardiac measures alone. It la apparent that
inclusion of measurea {3), (6}, and (8) does not substentially add to
the maltiple and (7) adds very 1little. Ry 3,67 is .86 and .85 for the
two sets in which standard exercise heart rate is correlated with the
oriterion, but only .66 where it 1s not. :

Since sddition of {3), (6), and (8) does nmot materially raise this
last wultiple, flarimeter blow was added to the battery ard the best
multiples of several orders were computed {mee Section B of Table 4).
The most noteworthy finding here is that flarimeter blow, while not af-
fecting multiples for Groups I and III, does ralse R with (2}, (i), (5},
- and (7} for Group II from .66 to .74. This suggests that the flarimeter
blow contributes substitute varience, .

*aTha third derivative {a constant in osubics) ls alse correlated
with te ariterion.
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TABLE 1 .
CORRELATIORS WITH TREADMILY SCORE ARD INTERGORREMTIOHS{
. . oF FUHQTIDNS OF CUBIC HEART FKATE TRERDS DURING EXERCISE
Group I (¥ » 98)
(33 ) (3 W (5. © (7
Aceel. at 4th r .62
Half+-minuvte {21 ota .80
Acecel, at 6th T .49 .94 '
Half-ninute : {3} eta 61 o
Standard Ex. T .46 .08 ey ]
Heart Rate 14)  sta A7 2 A3
?ﬁuation“bonstant ST Y A
sart Rate at the {3) eta .53 AL .53 .57

midpoint of the run)

Zero Accel. Foint . r 27 =02 08 =-,18 .04
- 6} eta .36 LD W49 A5 W43

Slope at Ath r -7 -.68 ~.83 =,55 34, .06

Relf-ninute LT ete - .33 .75 .86 .68 .46 .48
a7 67 -.01 W31

Termins] Heart Rate r -, 01 -.12 -.16
* :8) et’a gm 431 u3'7 037 071 945 rM



TABLE 2

CORRELATIONS WITH TREADMILL SCORE AND INTERCORRELATIONS
OF FUNCTIONS OF CUBIC HEART RATE TRENDS DURING- EXERC ISE

Acoal, at 4th
Balf-minute

Locel. at 6th
Half-minute

Standepd Ex.
Hegrt Rate

Equation Constant
(Heart Rate at the

pidpoint of the run)

Zero Accel. Foint

Slope at 4th
Half-minute

Tereinas) Heart Rdts

Group II
r
(2) ote
S

(3) eta
b

(4) eta
{5} ets
(6) a%e
) ™
17} eta
e

(8) ata

(1)

.62
3

.54
.66

.06

k)

ul
Lo

=, 16

{2)

.82
.86

(R = 97)

(3

21

- L2
u56

26

(4}

37

o548

.o ou2

-:46

54

<19
o by

(5)

<24
<49
u[ll
33

75

£
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(7
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CORRELATIONS WITH TREADMILL SCORE AND INTERCORRELATIONS
CF FURCTIONS OF CURIC HEART RATE TRENDS DURING EXERCISE

Accel, at 4Lth
Nalf-minute

2oeeli, at 6th
Ealf~-minute

Standard Fx,
Heart Rale

uation Constant
eart Rate at the
nidpoint of the aun)

Zaro Acoesl, Point

(2)

(3)

(4)

(5)

(6

Slope at 4th
falf~minute

Terminal Heart Rate

(7)

(8)

U R TR B B - o
EIENCARU A F ¥l ..

Group IIX
(1)
T 251
ota .66
r cOl
ota +61
r =45
“." 59,
T - .18
sta 55
r 39
ata 10
r 03
ota. A
r .10
ota 46

TADLE 3

(¥ a 45)
(2) (3)
.33 »
«96
W21 W45
ST 65
"".2? "'.09
a 54 »63
4l .04
59 W71
'-51 '078
.66 A
-.12 -.03
62 «56

(4)

60

--09
52

-.70
.81

20

57

(5)

«20
69

“53

75

84

(6)

(7)

20
ST
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TaBLE 4

MULTIPLE CORRBLATIONS

Subscripta
Treadmill Score ,
Acceleration at 4th Half-minute
Acceleration at 6th Half-minute
Standard  Exerciee Heart Rate
Equation Constant (Heart Rate

at the midpoint of the runm)
Zero Acceleration Polnt
Slope at 4th Half-minute
Terminal Heart Rate
Flarimeter Blow

. Group I
Multipls N - 98

A. Heart Rgte Measuresg
Ry ,24 : .80
R3.245 .83
R1.,2457 .86
R1.234567 .89
' R ,2345678 : 91

B. Heart Rate Measures
with Flarizetor Blow

Ry 249 . .83
Ry, 2459 .85
Ry.24m9 ‘ .83

Ry 24579 ’ .87

.68
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The etas shown in Tables 1, 2, and 3, were convinolngly different
from r's mainly for variables which have not been selected for further
treatment. Since the N here was smali, it was not deemed worthwhile to
develop multiple curvilinear correlatioms. The aspumption of linearity
throughout. the data seens adequately supported by this and subloqunnt
evidence,

1v V). The precsding analyses
demonstrate that a combination of heart rate measurea end flarimeter
blow will yleld high multiple correistion with the maximal treadmill
score. 7Two further studies were carried out to verify this validity and
to determine reliability. Such reliability i1s of two sorts:

1. Test-retest reliabllity of the individual functiops.

2, Multiple regression reliambility, determined by cross-appli-
cation of regression coefiicients both on test-retest data
and on different samples of single test data, This is a
particularly crucial proof of significant relationship
aince it asgesges both the unlversality of the regressions
and the degree to which they characterize the reasponae of
the individual.

The subjects of Groups 1V-A and IV-B'were giver treadmill teadts
twice, two to four days intervening. They were not told their score on
the first teat and had no simplo way of Judging the passage of time dur-

either run, The reliability coefficient for treadmill score (rll) wAaS

, despite the relatively low K of 29. A4s with the previous groups, -
eleotro-cardiotachometer records ware obtalned, and the fumctions of cuble
fits were determined, Figurg 3 givea two reprasontative-exnmplea of thege

" test-retest curvea.

The statistical dats for heart rate functions are preadnted in Table
5, The test-retest reliabilities for cardiac functions, though not as
bigh as that of the criterion, are acceptable with thé exception of slope
at 4th half-mimute. Thls measure was dropped at this polnt becanse of Lis
low raliabllity znd alse its oW correlstion with the criterion.

. Thus, three measures, (2), (4), and (5) were isolated which possessed
sufficient reliability for uss in a battery, in addition to flarimeter
blow, which from other atudios has been found to have & coeffioiont of
about .80

The Interacticm of such physiological faotora, howaver, may often be

such that the reliabllity of the composite 1s greater than the individual
measured, Accordingly, predicted ecoree were computed for each subject's

L I T
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(2)
(4)

(53
(71
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ZERO ORDER CORRELATIONS AND RELIABILITY COEFFICIENTS OF

GROUP IV CASES HAVING TEST-RETEST TREADMILL SCORES
{Test-Retest Correlations in Parentheses)

TEST 4 (N « 29}

Acceleration at 4th
Helf-Minuts

Sténdard Faarclise
Heuart Rate

Equatlion Constant

Blope st 4th
Helf-Minute

TEST B (¥ = 29)

Acceleration at 4th
Helf Minute

Stendard Exercisa
Heert Rate

Equation Constant

Slope. st 4tk
Helf-Minute

Group V K = 23)

(2)

—
h
L

—
-1
e’

Acceleratlon st 4th
Half-Minute

Standard Exerrise
Heart-Pate

Rquation Constant

Flerimeter Bl.ow

Tread-
mill
[11

(.96}

77

~e47

-.03

~-.01

5233

52

{.63)

-.09

- OR

-.33

36
-.3%

pYin)

47
.07

a0

m‘.

(.77)

£l

-.58

456

‘;’)35'

™

{5) -

(.85)

““'eoz

204

o34
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_#t unc Znd tests, using the nears cate measures alone. [he correlatics
Letwesn thage .»q1. 18 now B2 for “he 29 cases. Thia correlation rlaee
7¢ .9 waea ‘ne groesly divergent case ls removed. A single cass »oClo0
axa~t such an effent, of cosrse, only when the N is small.

: Since only one set of flarimeter readings was available for Group
IV, the test-retest r with regressions including flarimeter score could
not be obtained, but it is clear that the incansisténcy of the one case
would have besn tempered by such an inclusion. These considerations
tend to indicate that the composite will characterize the response of the
subject more reliably than any of the single measures.

The validity (using the scors on the maximal treadmill test as the
criterion) of the multiple regression prediction attained in both lst and
2nd tests of Group IV is even better than in Groups I, II, and 111, The
multiples are developed in the first section of Table 6 These™higher
coefficients in Groups IV and V may be largely attributed to technlcal
improvements in the conduct of the testa. They therefore yleld more
trustworthy regreasions than Groups I, 1I, end IIIX.

Regression Reliability from Cross-Appliocation to Se Data.
The final step in the estimation of the validity and stabllity of the
multiple regressions consisted in computing mmitiple correlations for
each set of data using allen regressionms. It should be clear that if-
the regressions state the true relationships between the heart rate func-
tions and flarimeter blow .and treadmill performance, the multiple R ob-
tained by application of the regression for Group V, for example, to~the
data of Group 1V should not be much lower than the r cbtained from the
_regressions inherenmt in Group IV,13

The R for the cross-applied regression hes been caleulated from the
formulas:

Br+Br + B r + L,..Br
al2 b 13 e 14 nl.n

t ) 142
E +n§45§+n.., + 2(Bsabr23+3a1acr,_4 ByBeT3s*e o« Bna1Bp(na3)n ;

13 ditor's note. As pointed out in the footnote on page 10, these
correlations may be unduly high because of the faect that the predictor
and the criterlon variasbles are not lndependent. However, the object of
this croes-application wea to indicate whether the relstions which were
found were functions of & particunlar group or existed independent of sem-
pling error. The loglc was that if relationships were evident whose inter-
pretation would be helpful in further development of submaximal tests it.
should be ascertained whether the relstlonships would be apparent in other
samples.

-
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where Bg, By, B,, By = standard regrescion coefflcients {(betas) from
an alien semple, and r's Are inherent In the data to which the regression
is applled. N '

The concern here is the theoretical exposition rather than practical
application of the regressions. The betas, which express regresslon rela-
tions independently of variability ih samples, are presented in Table 6,
Those for acceleration and stendard exercise heart rate, By ;59 and
B14.259, are quite stable, while those for equation constant and flarimeter
blow, By5 2,9 and Blz 24%, are somewhat more variable., Again, as would be
expected, the composite répresented by the regression 1s more stable than
the individual weight, as shown by the results of croaa-applications to
the multiple R's in Table 7.

It will be recalled that ip Group IV, though full heart rete data were
availablé for the lst and 2nd tests, only one set of flarimeter readings
was avalleble.,  Thus, in Table 7 there are two sets of hdart rate multi- |

' ples and regresslong for Group IV, but only one regression and multiple

based on flarimeter., The following alien regressions are therefore avail-
able: .

A, Group IV-A heart rates
Group IV-B heart rates
- B. Group IV-A heart rates plus flarimeter
C. Group V heart rstes
D. Group V heart rates plus flarimeter

Regressions for Groupes I to III were not cross-appllied to the later sets
because the later regressions are considered 4o be based on somewhat super-
lor data, but the latter regreasions were applied to the data of Groups I

to III..

if now the R's obtairned with inherent regressions are compared with
those obtained by cross~application of allien regressions, substantial agree-
ment 1s found in Table 7. In most instances, R's differ by not more than
.05. While, with use of heart rates alone, differences up to =,12 appear
in applications to Group II end III deta, the addition of flarimeter blow

decreases these differencas,

' The two regressions (Group IV and V involving flarimeter blow) de-
liver muiziple R's over .90 with Groups IV and V data regardless of which
is used They both give multiples of over ,80 for Groups I and III and
about .70 for Group II which are very near the values given by the inher-
ent regresasions. Regarding the latter, it was previously coneluded that

the notably lower multiple R was due to an abnormally low correlation be-

tween standard exsrcise heart rate and the criterion. It is now olear
that it could not have been dus to an abnormal regression because alien

l‘lctually, if heart rate data alone are considered, there ars three
regressions which deliver coaparabls multiple R's, 1l.e., IV-B included.

Hay s
2
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. TABLE &
MULTIPLE CORRELATIONS AND STANDARD REGRESSION COEFFICIENTS
{Betas) : A
‘Subgeriptai
.. Treadmill Score - 1 .
Acceleration st 4th Helf-Minute 2
Standard Exerclise Heert-Rate 4
Equation Constant 5
Flarimeter Blow 9 !
Grou v
N = 295 Grou
Multiples A _B_ (N » 83)
Ry.2¢4 . .87 .82 .31
. Ry ,245 .90 9 91
By 249 .9 - .88
R1.2459 91 - _ .95
A. Jeart flais Measureg

B12.45 Mebh LTTI8 .T186
By, .25 ~o5731  ~,5151 © 6352
Bys,oz : 2394 LAn82 5051

B. HYeart Rate Messurcs with Flerineter Tlow
B12.459 5159 - . WTAS7

Biy.259 L ..8593 | -.5689
B15,2:9 2773 LT
Big. 245 L2941 22546
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TAVLE 7

S N A

: | MULTIFLE CORRELATIOSS OBTATNED WITH INHERENT
AND ALIEN REGRESSIONS

Sy el WL

' I.nherént i
Multiple ' Group _N_ Regressignp Aljen Regressiona

A. -Heart Rate Neasures v ' 'Group V-4 Group IV-B
(Ry,2450% ‘.- ‘Regregsion Regression

b 98 +83 .83 .79
11 97 64 57 .57
11 45 .80 .78 « 1R
: ‘ IV-A 29 90 - .89

.: IV‘B ( mtaat) )91 ' 189 -
e : v 83 .91 .30 91

i ST

RSB N ‘?z LR

g B, Heart Rate Msasurea Group 1V-A
Rt - with Plarimeter | Regresaion |
- R .
i (Ry.2459) I 98 .85 .85
A 11 97 .69 60 T
T . - IIX 45 .31 79

. w29 -91 _ “
83 95 93

g
]

C. Heart Rate Measures . ‘ Group V
(%1,2457 Regression
' ‘ I 98 .23 «30.

- WA A

vt 11 97 RYA _ 52

v - Iv-A 29 90 .88

IV-B (retest) .91 91

r’*  f 83 91 -

; , : )
) D, Heart Rate Measures : Growp V

180 e

with Flarimeter , ' Begrepajon

(Ry.2459) , . 1. 98 .85 .82
- : 11 97 .69 62
111 L5 .8l 76

v 29 51 .90

? 83 : -95 ' -

Lo, e

#*Bubseripts refer to the same miﬁp}.u as in Tables 5 and 6, / "

T
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regregsions give sbout the same zuitiples ond there is no resson to glter f?;
the original conclusion. The =sbcve demonstrated stability of the regrea- ﬁé
slon equations when applied to allen datas ghows that the relations thay i
represent are present in all groups. -ﬁ%
]

SUMMARY AND CONCLUSIONS - ' g

From complete heart rate records during e proliminary walk apd an ;ﬂ%
exhausting treadmill run on 281 young men, aged 18 to 28 and without kmown ,,ﬁ&
pertinent medical defect, a pattern of cardiac response to the activity has Sy
been demonstrated.  Varlous functions of a cubic fit to the heart rates dur- \é
ing the maximal run have been correlated with treadmill score, a performence : Vb
criterion of exercise tolersnce. Two of these funotions =-- geceleration at -gﬁ%
the 4th half-minute, and heart rate at the midpoint of run (Equation (i‘gn- i
stant) -- are both valid (in terms of tresdmill scores) and reliable.’ e
Acceleration is particularly important, correlating sbove .6 in five out of "Zsﬁ?'
six groups. e
Two additional measures, breathholding with the flarimeter, and a U
standard exercise heart rate taken during the lest mimute of the prelim- ’ Tﬁ%
inary walk, incorporated with scceleratlon snd heart rate at the midpoint:- e
of the run, yield & highly valid and relisble rolationahip with the tread- =
mill test. The proofs are se follows: . T
1, Of six semples, the multiple correlatipns between these measures , &

and the eriterion are higher than .90 in three, higher than .80 B

in two, and about .70 in one, Thers 1z satisfactory evidence CE

that the lsat result is due to an atypleal relationship between ﬁﬁ%

standard exerclese heart rate and treadmill score,

St

T
5

SO NN R
K kS -
e A e

2. In one series of test and retest experiments the raliability of
the regression formula wes found to be .80.

3. Regression equations developed from two sets of dats (and in
part from a third) were cross~applied to the other sets of data,
¥lelding multiple correlationa only slightly lower than those
obtained from regressions inherent in each set of data,

i

ot
L

L3
RELR IV
e

It 18 clear that accelerstion in heart rate reaponse to exercise or-
a close correlate camnot be excluded if a, satisfactory test of exercisa
tolaranoe 1s to be devised. While the degree of statistical velidity
fusing the treadmill test as the oriterion) ettaired by the present mater-
lals 12 not approached by any test in the literature and the outcome 1s of
the greatest theoretical significance, the naed for practical solution
stll]l remains.

It is yet to be demonstrated whether a measure of acceleration can be
developed from responses tc a "submaximal" test, which approsches the ve-
1idity end stability of the present one taken from the second derivative
of the third degree curve.

1
P

ERTE R P P S0 7l TR L ST ) TN

S

T
[

YJEaitor's note. Heart rate at the midpoint of the run camnot be con~’
sidered a subsaximal test since it caymot, be determinsd except by continu-
ing the run to exhaustion. However, as noted in the footnote on page
10, aithougn % was -xpocted that this research would un.over promisi g
lsadn to» tr emstruction «f suomaximal tests. nome of the vripginal Tase
lables may = used wirectly for suczh a puarposH, oat in wil mBer CorpaXa.
meag res Whis/ dq be gse’ 1n s nvpmarpimal t-s? omush be ougn
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SECTION II
EXPLORATORY STUDIES OF SUBMAXIMAL TESTS OF EXERCISE TOLERANCELO -

IRTRODUCTION

In contrast to maximel tests of exerolpe tolerande wherein the sub-
Ject was required to work to the point where fatlgns causes s consldarable -
decremant in the individusl’a capacity to maintain the rate of work (ex-
haustion endpoint), submaximsl tests feature a atandard smount of work
voll within the tapacity of all or nearly all subjects,

It is apparent thit such a submaxim) test technique 1s the only
ultimte, practiesl asclution to the measurement of exsrolse tolerance,
not only for reasons of eass of administration, but bescause complets
control 18 in the hands of the exariner and the tast scores do not de-
pond so heavily on the judgment and rotivation of the subject,. Such

" submaxrims]l tests are perticulsrly necessary whers routine repeat tests

ars carried out and where the results of the tests sre of suffictent
inportance to the subject that larpe differonces in m:i%tion would
affeot moximmm tsst peri‘omas‘:a

Inssmuch ae test performance {work cutpat) ia e constant ip the
submaximal test, it iz obvious that the pubjoct’s ecore on the test
must be based upon meesurss of physlologleal responss to tha standax‘d
sxaxroise and not on the amount of mrlc performed.

.The cantml problam, therefore, ls to measure relisbly the physio*—
logical responses to standard work situstions aed to validate thepe mens-
ures in terms of an scceptabls {stsndard) criterion of exerciss toler~
ance, To theas aends, various vhysielogical mearurss have .basn evaluated
in terms of two criterim of exerclse tolerance: (1) the mwaximal tread-
rill test described in Section I of this report; and (2) physical train-
ing over a three-month period, i,e., scores on athletic fitness tests
(e.g., pullups, pushups, msuyard da,ah stc.} recorded for a threa<
2cnivh perdod, 17 |

In additiéa to measursa of p&yaielegi;ml teaponse to exercise taken
durlng and after oxersise, the walldity amd rellability of certain meas-
‘urea taken in the resting state, while reclining, sitting, and stend-

’ léﬁrigimlly presentad in; Taylor and . n-anm R Submaxisal
leste of exgroise tolegance. cm, OSRD, Jp o 1943,

17These fitnsss testa ané physiml tmini.ng scores are daaeribad
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ing, and during changes in posture have alsc beea deternined 18

A. HEART RATE AND RESPIRATORY METABOLISE DURING STAMDARD EXERCISE

: 8ince the standard exercise commonly used in fitness toats has been
that of. stepping up and down on a stool of defined helght for a certain
pumber of times, an exploratory study was undertsken in order to deters
mine in some detall the primary differences between the physiological
responses of known criterion groups of subjects.

The subjects employed in this study wers classified on the basis
of athletic fitnese scoree given at Stanford University over a peried
of three montha, Tho High Fitness Group consisted of 10 subjects chosen
from the top tenth of the distribution of gcores and the Low Fltneas group
of 11 students from the loweat tenth of the dlstribution.

That these groups of sublects represont the extromes of physical
fitness was further verified by subjecting them to a "maximm]l pack test®
with the resulta =5 noted in Table 8.1%

TAIIE 8

DIFFEAZMIT T CRITERIOY GHOIPS O MAXIMAL PACK TEST

¥enn 535 -1 276
Sigmea 69.1 70,5 t = B.61
Range 410=-500 11,0370 pe 00L

The lask of owsrlep in these groure and the high mean differences on
the peck test as wsll ns ths purcent!le ¢iffersnce on the athletlo fitness
goores leaves 1ittle doubt that Lhay comrlce tz‘ue axtreme eriterion
groupg of phyalmnd Ditvsgs

Toat arg

1. After e pralisimry reast peried of 10 te 15 minutes, the subjsct
was requlred to 0it guistly for 5 minutes during which the res-
;siratsr’v and hseri rate pansures wore teken,

b A iz 1 ki g T AT

ﬁﬁvi&ama for “he vilvs of axistipg cardiovascular and respiratory
messures of fitpaas in steodsed “Fitness® tasts such as the Schneider,
Melurdy«Larser, ete, bas alsc besn collncted. Sows of theee deata avre -

£ a7

presented In Appsnciz 3 of thz prossut reapors,

I e mavimal pach Sesc io {ully dessribed ime Teylor £,, and
franzen, K. A gexlea] pask test of amcyeige tolerapee. OCMR, OSED, -
’ ¥ A gnetirel) Penf w85 O . +HEL y
Juse 1945,
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2. The subject was then required 38 ezunt e stool 15 inchea in
height 60 times in 90 seccrda. An secent on the stool con-
sisted in moving from & standing position before the platform
(stool) to a standing position on the platform, followed by a
descent to the original position.

3. Following this exercise period the subject sat down and his
rhysiological recovery was followed for 20 mimutes. This 20-
minute period was divided into three different stages: Re(l),
the first 2 mimites; nw(z), the rext 3 minutes recovery; nnd
Re(3), the last 15 minutes.

Wa have, thus, five experinantal periods during which physiological
measures were taken: rest, work, Re(l), Re(2), and Ro(3).

Me Reco

1, Heart Rate
2. Resplratory Rate
3. Total Ventilation

4. Oxygen Consumption

. FRespiratory Quotient
. Carben Dioxide Production

Par cent Oxygen
. Per cent Carbon Dioxide

a'-3 W

Heart rates, as in the previous studies, were contimicusly recorded
by means of the Henry Cerdictechometer.

Rates of ventilation up to 130 liters per mimute and the necessity
for continuously following respiratory and metabolie responses required
speciel equipment. While,in general, the technigue employed was that
usually described as the Tiasot-Haldane open circult method, the gaso-
meter and mask are unigque ln many respects,

The maek consists of & cupped hard rubber cap with a pnsumatic rim
to fit the contour of the chin, cheek, and nose, and in whioh is fixed
4 one~way valve system to permlt drawing inspired alr from the room end
diverting expired air through an airway to the gamsometer. The latter
has two chambers and follows the gemeral principle of the Krogh hinged
chamber basal metaboliam apparatus, However, the chambers are complete
- quadrants of & cylinder, and contain, when full, 200 llters of gas.

The double chamber feature ia espeecially adaptable to continuoue
neasurements of expired sir. Collections are begun in Chamber 1. When
that ia filled, a valve is thrown, diverting the expired air to Chamber
2 while total volume is memsured and gas samples are drawsn from Chamber
1, When Chamber 2 is filled the velve is agaln turned to the chamber
which has been emptied and made ready for collection again.

20365 the dingranmatio gketch of the platfofn in Appendix C of
this report, ‘
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In this way, the c¢hambers may be used alternstely without interrup-
tion of the collectlon of expired air, Gas samples are drawn over ner-
cury and set aside for analysis later., Amlyses are carried out in a
standard Haldans apparatus following the procedures outlined by Boothby
and Sandiferd 2l

]
54

Expired sir was collected for sach of the perieds (Re{l), (2), and
(3) and gas samples ware drawn from the total air-collected during each : K
period, The dsta are expressed zg averzges over the particular periocd ey
baing assessed. ) ' v

This pocedure does noi ellow sensitive depletion of change of

state but was adopted because "block” collaction of expired air is - _ ”f%
more accurate than shorter sumpling periods. Gss samples were anslyzed : &
in duplicate in the Paldans apparatus, ' ~ L
PESULTS ) i

S

The aversge hesrt rate, respiratory ventilation, respirstory quec - -
tiernt, and oxygen congumptlon for the high und low fitness groups are
presented in Flgures 4, 5, &, and 7 rospectively. PR

Examination of these figures reveals that the heart rate differences T
between the groups {(Figure #4) ere least during rest and greatest at Be{l),
the first 2 minutos and Ro(2), the next thres minutes., This finding
serves to illustrate a genersl trend shown in all the figures, 1.e,,
the tenderey for thé greatest sepmration in the physiological mengures
of these proups to occur durlug the early perlods of recovery from sxer-
cise. '

«Is’
ol o S

g 5«',5‘%';

ﬁ_
Hapo R T ek

Ventilation end oxygen constmption (Figures % and €) all show the
greatest mexn difference in He{l) and all four funciions sgree In shows
ing the most sipnificent difforsace at thic peint, ‘

;
e

P
L A
R R

*Phe gtetistical differences at the various pericvde :sie pregented
in Teble Y. Flsher’s & statleiic waz coloulsted far the diffevences in :
the nean scores of the two grovrs =t each paint the recgurcnments werae -3
recnrded, ' ! &

Table 9 pr=vesalws tnal 21l Pour fornciizas show stetlstically sig- L
nificent differences in Rel(l) a= irdicsted ln Figures 4, 5, 6, and
7. Differepces .. oxygzn consumpbion ere rot aipaificent tnrough the
experiment although s-wme tepnration dovs scour dwing Rell) srd Re{2)
ez illustrated in Figure 7. Tnila Juw bLevelvs Yo oxygen consumption
might bte taken to Indlvete thet tne grovps 312 ant differ markedly in
the efficlency sith which thev pseinrmsc 7 & =ork. hReert rate and

ke
N T e T
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“Bocthby, $. H.. sod Saudiford, 1. Laborsuory ranual of the
technic of BMR Jeterminstionz. Philadelphia: ¥, B. Seundovs Co., 1920,
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TABLE o
MEANS, STANDARD DEVIATIONS, 4BD t-VALOES TOR HIGH ARD BOT GEOUPS | - .

Hest Fork - Re(l) Ref2) el - -
Function . High - Low  High  Low High -Low  2igh Low — Hign . Lo Lo
Respirstory kete  11.4  15.1 0 16.8 22,3 - 157 224 u
t  -1.04 . ~2.35 -2.51
HeertHe te %4 4.3 13.9 145.8 107.1 126.3  97.2  103.8  %4.9 O 97.1
3.50 3.5  16.4% 11.32 10.33  9.32 270 10,10 A0 2.1
.:.t' "2.24- —1a3w:3 "'/:, 'u -3379 “‘} ,QQ
Total Ventilstion  42.0 6,2 164,9  203.z 1635 22408 3T 1196 5.2 6.9
I ) 1 7.07T  B.%0 43,73 21,06 34.65 5300 23.54 RLe 9, _
Y -1.27 ~2.2G 423 4,70 ~3.3z 3
Oxygen Gunsumption 1.37 1.% 0 9.39 Y 7.7 e 3.15 3.70 3 PR
2 .19 1.76 1.79 67 . 5 .28 50 .19 2% Vo=
E e "lo;’U T
Cerbon Dioxide 1.55 1.5 7.20 7.% 0 8.0%  W.IS 3AS LA 1.4 Z.ub :
Production R L . —~l.33 ~4 09 -2 ,06% -:,31
Respircztory .32 74 .79 .85 1.11 1.723 ° 1.17 1.358 W7 "
Quotient .08 .06 .07 .03 W12 e T C U - ¢
t o w3 1. —4ek =2,3 2.0
Percent Oxygen 4.50 4,07 5.55 4496 4iBL 3.54 3.5% 2,77 L.it 5.8L
.56 .3 .58 .50 57 .24 .50 .31 A & :
t 2.05 2.5 4ol beaZdy La4l
Percent Cerbon 3.72 3.40 4L.% L% 433 4.59 4.8 3,73 5.7 3,33
Dioxide . 2227 1.37 L1.39 247 , <31




-21-

ventilation, on the other hand, are shown to much wors clearly differen-
tiate the groups.

SUMMARY ARD CONCLUSIONS

These exploratory studies indicate that early recovery from exer-
cise ia the point of maximum diverpence between high and low fitness-
pubjects in the gtandard exercisze type of test ussd in this study. Théy
further indicate tint oxygen consumption is not a significant’ variable
in such differentistion end that respiratory quotient is 80 highly related
to ventiletion that the additional labor necessary to obtaln it is not
Juatified {the correlation between respiratory quoticnt and ventilation -
for these 21 cases was ..84). Ventilation was dropped fros further con-
slderstion in simple fitness testing becmuze of its low relégbiiity and
the techmical difficultias of securing reliable spirometry,

From a comparison of the avarnge responses of tha high and low fit.
neas groups to a stendsrd exercise teat 1t may be tentatively concluded
(within the limitations of tha sample) that:

1

1, Early recovery'is the point of meximum divergence between the

phrasiologienl responses of the criterion proups,

2. Heart mte and vontilation differentinte the groups markedly,
but metabolic efficlency is not a significant differential.

B. VALIDITY OF CARDIOVASCULAR-RESPIPATCRY MEASURES TAKEN
"HEPORE AND AFTBR™ STANDARD BXERCISE TESIS

Introduction. This series of investigations waa undertaeken in
order to provide further imformtion on ths cardiovascular-respiratory
reactions of normal subjects to the short 'ctardard exercise testt and
in order to determlne the relstiomship between these measures end the
meximl treadmill test scores,

Comparisons are made of the linasr and ourvilinear relaticns; part-
ial correlstions which might bs meaningful as messures of fitneass; mul-
tiple regression equations; and first, second, and third order multiple

2Z2pata justifying thoae statements may bﬁ found ing *gy;br, Co, rnd
Franson, R, Hgxle - ce. CMR, OSRD, June 1943,
This report Is on file with ths NRC Ccm&iﬁtaa on Aviation Hedicine and a
prelivinary report i3 on file with the Committoe on Selecticn and Training
of Adrcraft Pllotg. Calculetlons of varlous derived measures from the
sbove data wers also determined in order to ascertain whether greater
differences than theose shown could be chtainad between the two groups.
However, all wers less wnlid then the primary measures from which they
wore gsecured. The derived merpures included oxypen debt, oxygen pulse,
ventilation cost, ventilatlion debt, end gross mechanical efficlency.
These amlyses are oz fils wlth t%e Comaitise on Selection arnd Training
of Alverad™ Fllebs,
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correlntions,

Subjects. Five groups of subjects were employed in these studies.
AlJ of the sublects ranged in age between 18 snd 28 years and all were
"nersnl” in the sense thet they possessed no known defects which might
“wer Influenced their tolerance for exerciss, The goneral make. up of
th flve groups of subjects 1s as follows: ‘

Sroup®3 B Deserdption
A ‘ 59 Soldiers from Moffett Fleld
B 60 : College aen from Stanford University
I 93 Colleps men from Stanford University
1T 97 College men from Stanford University
117 49 Soldiers from Noffett Fiseld

Two sets of the dsta {Groups I and II) contsin the same variables
and are really random divielons of the materials of one complete experi-
mentsl investigntion. The othef groups contain data which are sllightly
different; it wes impoasible during these studies to make all variublos
available for enalysis. . , .

Drocedure. Tha follewing experimental routine was followed through-
out these inveastigntions in the administratlon of the 'standard exercise
test' and the rescording of the physiologleal measures,

1. Freliminary Reclinine Regt, During this perlod the subject was
merely raquired to lie down for 10 to 20 wimitea, No observa-
tiona were mede,

2, w_m. At the end of the Reolining period, the
gubject was raquired to stand for a peried of 4 minutes during
vhich the heart rate and ths blood pressures wore taken, All

. measurementa wore taken during the laat 2 minmutas of standing.
' Peart retes vere 30 second counta from 15 to 45 seconds in the
mimite, Both systolie (appearance of sounds) and dlastolio
(auffling point) pressures were rocorded,

3. §§§n§§£ﬂ_§zgggigg;lgg§§. Following the Standing pericd, the
2 minute st2ndard sxercise test was administersd, During thege
2 mimites the subject was required to make 60 ascents and de- \
scents from a 15-inch stool as described earlier in this paper,
-Immedistely upon completion of the test the subject sat down.

L. Regoveyry Period, This perfod lasted approximately 6 minutes
following the standesrd exerciss. During this time ths fcllow-
ing mensurements were taken:

e. Fost-exarcise Hoart Rete. The heart rate (aitting) re-
corded during the first minute (15 to 45 seconda) follow-
ing recovery,

230woup' A and B oontain subjects not used previcusly. ﬁronp. 1, 11,
and J1I are the game as those 4n Section I, :
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b. Flarimeter Blow (eitting). Startiag at the second minute
after the standard exeroise. ‘

At the coneclusion of the flarimeter blow test, the subject
was again required to stand up and the following measures
wore taken:

¢. Heart Hate (recovery) and systolic and diastolic blood
pressures. Measurements were teken during 3 to
minutes of recovery.

All subjects in Groups I, II, III, and A were also administered the
mmximl treadmiil tast dsscribed in Sa"tion I of this paper and their
exercise tolerance scores ca+culated

Tha 60 svbjects in Group B, however, did not take the meximal tread—
mill test. They were given tuor submeximal (standard) tests according to
the above procedure -- one week intervening betwoen the tests. This pro-
cedure was followed with this group in order that the reljebilities (self-
correlations) could be determined for the primary snd derived measures
wf physiological ruspensa te the standerd tests,

Hesults. Table 10 presents msans end atandard deviations for anthro-
pometric and blood pressure nessures for all experluental groups, except
firoup B. It wlll boe netad that Groun A differe somewhet but thet Groups’
I, 71, II1 are quite cormpurable,

The relaticn betveen the various ressures and treadmlll score is
represented by s end etas. FExeminction of tne linear ccrreletions
{r's) rewssis vhat none of the msasuree irn Table 10 was significantly
correleted wica &he criterion {scors on ths wmaximel trecdmlll test).
Ho corralation 1s over .2%, snd even whore such an r occurs in one
sample (for eranmple, chasht widtn) 3¢ dross to irsigificance in other
semplss. In zevercl inutenczs {se- Yables 10 and 11) curviilnesr re.
gregsion was tested by making hest cuuse fo.45 on the scatter ploia and
cbteining rho. thet i3, a nacsure o0 the gouvdnes: of thic curvilipesr fit.
These rho?s in all ceses gnowed aimilerliy he the Peersom r?s, suggesting
.the t the departurezs from linesrity, akown by the etas, were for the most
part due to 1&?99”1ﬂ; pattcrna shilch viald Ao more significant relstlonship
than is glven by Lre-v roryzletior. The snthesponetris end blood pressurs
mee SUL es KAy, thr@frr@, be ¢iininsisd from comeiferetion &3 possible
pradirtors of exzralses volseeacy &8 werstwved by tre caximel treadmill) taat,

Correlatror=L metrisey fopr oser o vehes ans Tlarimeter blow are pra-
gented in Tsble il &nd rultlpie W s avecnwsd in vrder of megnliude in
Teble 12, for Trocps 1. I, 117, ans A, Thouga all of the messures of
heart rete hzrd to 1adivoue algnificant eorrelation with the oriterion
(maximel trondmiit lesw)  preosverciss glantiing end recaovery heart rates
are lega congidtens thaw s w-slers, g henTi Tata,

The Tatter, comoired sich Cievimetlss bBilow, vielas ihe bigheat first
OrAsY moativio e Tatte 37 Fo Gregcr L. o, mrd 1D (B o2 252, L&D,

ek
ek et
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TABLE 10
CORRELATIONS OF ANTHROPOMETRIC ARD ELOOD PRESSURE DATA WITH TREADMILL SCORES
CROUP A GROUP I GROUP 11 GRODP JIX
: (R =~ 59) (N = 93) {N = 97 (R 5 49}

Yariable Mp S.D, T ets Mo S.De T ota Mo S.D. r etsa Mg 3.0 r ets
Troadmill Score 47 9 51 11 2 ¢ £9 106
Age (years). 23 2 -.15 .43 i
feight (cam.} 17% 5 .10 .48 179 & 01 41 179 7T .25 b 1T 7 .26 47
Chest Width {cm.) 30 2 .2 .34 31 2 .33 .1 2002 - W44 3= & .27 L4
Hip Width (ca.) 2 2 -.06 .44 23 2 .17 .48 22 2 .04 .26 20 2 =06 .9
Vital Capacity (1iters)- 5 1 .16 .4 : ‘
Syptolic Pressures (mm. Hg.)

Pre--ox. r.ecliﬁing 123 1} 04 233

Pre-ex. sitting im W .05 .37

Pre-ex. standing 14 11 ~.01 .65% 12y 12 .01 L34 126 .12 37 A3 1X e L1m et

Post-ax. atanding 133 13 -.22 .38 A3z 14 .92 .23 :
Diastolic Prossurgs (mn. Hg.}

Pre--ex. reclining 7™ B ..,11 .37

Pre-ex. sitting ™7 -.02 .39 -

Pre-ex. standing 81 7 .25 J55% 37 9,08 .28 86 10 .15 .46 2. TS B L R A

Pogt=ox, ktanding . ' 87 10 .06 .37 87 10 .22 .51

* rho = .18 W Pho = .25
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TABLE 11
CORRELATION MATRICES: HFART RATE ARD BREATHHOLDING DATA

{1) Treadmill Score (4) Post-exercise Heart Rate

(2) Pre-exerciss Standing Heart Rate (5) Flarimeter Blow

(3) Recovery Standing Heart Rate (6) Pre-exercige Sitting

. Heart Rate
rou {1} 2 £3) W (8 Resg 8.0,
- Group A

(4) ~.36 . 110 17
(5) 46 =27 22 8
(6) .13 48 001 61 8

Group 111 7
(2; = BT( A7) 92 15
(4) ~.42 T2 C124 17
(5) 220 . 23) .04 -.04 21 7
(6) =-.31 .68 .27 .01 % 1

" Group 1

(2) “'¢31&( L] 142)‘“ 88 u
{3) -.53 - i 96 16
{4) + -.61 55 72 i25 21
(5} 373908 < 07 S S 25 10

Group ’;
{2) «wﬁﬁifovyﬂ 84 12
{3} .19 82 95 15
(4) .33 £ 65 125 17
(5) Jp}(u’d;}"*clo "-121 "613 28 9

#* pho computed froo s aobie regression

4



© MULTIPLE CORRELATIONG:  GFAT S00F AAD RADATHACGLLTRG UATA

{1} Tresdmill Score - {4} Posi-exercise MR
{2} Pre-exercise Standisz ER {$] Flarimeter Bicow
(3}  Recovery HR {2} Pre-exercise Sitting HR

- GROUP 4 GROUP 1 GRCUP 1T ° GROUP IiX
Multipte  _{§ = 59 8393  Inz9p. Nz 49

R

1.23 o5 .25

Rivog 61 .34 49
LY R R 43 A
B2 : .54
B, 63 .33
Ry.35 A0 45
Bi.A% l «52 L6 - 51 #48
Ri,z6 .35 ) .59
R1,56 .50 f .56
R1,234 63 ’ WAl .
RL,235 &L L6
32,345 R «55 53
B.246 : - 59
K25 ‘ .58
B as £7 .52

LS WY .52 63
} &%& ~ | &7 .55
R 1.2456 X | 64
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and .51, respectively). This ia the highest multiple obtained in
Uroup A, and nearly as high as the third order multiples for Groups I,
and II, Group III differs from Group A, I, and II, in that it shows

g8 relatively high eriterion r for sitting heart rate, In this group,
the highest multiples contain sitting heart rate, while flarimeter
blow, correlating only ,22 with the oriterion, exertes much leass in-
fluence, Little weight should be given to the results for Group III
in thie connection, however, because of the relatively amall N (49)
and because of the apperently atypical relations of sitting heart rate
ard flarimeter blow, Flarimeter blow uawmlly has a higher correlation
(Groups A, I, II) and sitting heart rate a lower correlation (Group A)
with the criterlion than wos found for Group 111, Generally speaking,
theu, post-sxercise heart rate and flarimeter blow reveal the best
correlations in the data.

That they are more stable also is shown by the betss for heart
rete and flarimeter blew in Table 13, Betgs imwolving pre-exercise
atanding, recovory, and sitting heart rate are susceptible to large
fldctuation, even with changs of aign in two cases. ‘

The nearest approach to a reliabla prediction of the criterion,
which could be developaed from these data, would be m battery of meas-
ures contalning post-exerclse heart rate and flarimeter blew, combinad
in ths ratio 3:12. Unfortunately, the multiple R with the erlterion of
such a battery {approxirstely ,55) and the variation in betas would
vory strongly limit the walidity and reliability of auoh a practice,
Hence, the conclusion hera is of little practical significance at the
noment .

Table 14 presents the teat-reteat reliablility coefficients from
Group B. Of the heart rates, post-exercise heart rate has the hlghast
reliability (rj1 = .74). This measure is also more relisble, than any
of the derlvsd heart rate indicss, such as change on standing, change
on exerclse, and changs on regovory. Systolic pressure is unlformly
mors reliable than diastolie but the systolic change on standing is
vory unreliable,

It 1a significant that poct-exerelse hesrt rate, the most reliable
of the heart ratsa and flarimster blow, the most reliable of all the
measures, should also show greatest galidity. ¥hen it ia considered
that the standard error of a measure® for a variable having a reli-
abllity coefficient of .80 1s .44 of the slgme of a distribution, it
i8 clear that reliabilities below .80 are vary unsetisfactory for
purposes of prediction., The only hope for the use of such physic-
loglcal materisls is that "betterles® of measures might, throuvgh
compensatory intarplsy, 7leld higher reliability than the compornent
measuraes taken alngly, -

Sugmerv. Four groups of subjects (303 cases) were given maximel
treadmill tests ard a1 submaxdms) staninré test routine consisting of
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TABLE 13

- BETAS (STANDARD SGORE COEFFICIENTS YUR MULTIPLE RﬁGRESSION)x-
HEART RATY AND FLARIMETER BLOW

{1) Treamdmill Score (4) Post-sxercise HR
{2) Pre-exercise Standing HR {5) Flarimeter Blow
{3} Recovery Heart Bate (6) Pre-exercise Sitting HER
GROOP I GROUP I1 GROUP IIIX GRCOP A4
Bota (N = 93) N 97 (N - 29) (x = 59)
Betayp 2,5 -.12 -33
Beta:3 o5 27 . =10 -
oty 235 wed3 =od2
Botay g o9, o2dh -39
Beta,, i -,31 -.19
Bet515'46 ' ok w4l
Betdy s | S e ~.20
Beta), & ‘ - 56 -.24 | ~243 .

Boul5 " . 25 -40 uu - 040
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TABLE 14
RELIABILITY COEFFICIFNTS: GROUP B
(0 « £0) '

A. Primary Moasgurens

B.

Reclining: '
(1) Heart Rate
(2) Syatolic Fressuro
(3)  Lisatolic Presaurs
Pre--srercise dtending:
(4) Hsart hate
\5) Systolis Fressure
(&) Dlastolic Preasure
Post-exarclise Sitting:
{(7) Heart Rate
{8) Flarixe‘or Blow
Recovery Standing:
{9). Heart Rate
{10) Syetclic Rressire’
{11) Diastolic Pressurs

rived Msa o’

(4) - {1) Change on Standing
(7} - (4) Change on Exercise ({a)
(9) - (4) Change on Exercise (b)
(7) - (9) Change on Recovery
(5) - {(2) Change on Standing
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heart rates, blood pressures and breathholding. Another group (60 cases)
were glven the standard test routine twice, a week intervening betwean
tests. From a corre'ationrl amelysis of theee data, wilth respect to
validity in terma of the treadmill criterion and teat—rateat reliability,
the following conclusions hava teen drawn:

~1: Age, height, weight, hip width, chest width, and vital capacity
do not correlate significantly with the treadmill criterion.

2. Systolic and diastolic blood pressures, reeclining, sitting
and standing, and standing after exeroise similarly do not
show significant relationship with the eriterion and are
not stable enough to provide evidence for a welshted scale,

3, Of the heart rates teken befors snd after exercise, the post-
exercise count most consistently correlates with the criterion.
r is about =,40. FPoste-axercise heart rate is alsy the most
ralisble of the haart rates taken.

4. FPost-sxerclse bresthholding with the flarimeter alsb corre-’
lates gbout .40 wlth the criterion ard is morse reliable than
heart rates or blood prsssures,

" 5. Bresthholding and post-nxercise heart rate yleld a multiple
correlatlon of spproximately .55. The validity of this bat-
tery is considered, therefors, to6 low for predictive purposes
under the pressnt. oircunatances, particularly since 1t has
1ittle ato.bility°

€., The use of curvilinoar ralationu does not 1nprovu “the regres-
aions, ,

0o A Foup-uxwrn (SUB&*LB“{I%'AL) TREADMILL TEST

ction. In the preceding sactiona of this report it has been
demonstrated that the subject's exercise tolerance as measured by the
maximal tresdmil] test cannot be meesured to a completely acceptable -ex-
tent by the physiclogical responses to standard tests of exerclse toler-
ance such as stepping up and down on a chair or stool of prescribed height.

It was also shown, however, in Section I of the prasent report, that

the second derivative of the cuhles (for the heart rate measurzs) set at

two minutés from tho start of the test run correleted significantly with
the duration of the run {scors). On the basia of this evidencs, it pay
be hypothesized that performance on the maximal treadmill test might be
prodicted from the trend of the heart rate measures recorded during an
abbraviated treadmill test. It 1= obviou=, however, that if shorter
segments of the hesrt ate curve sre used for prediction “there must

be some loss in relisbility and validity due to variability or
irregularity of the early heirt ratas.

. _Subjectn. Tre date gathersd on two groups of suhbjects were used
in thie investigntlon se follew::
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A5 eublorss of Cyoup 71 wors terted on the slard
cozing o the Sellovdrg rreeslwro (3t 0111 Ls not e
A the gt me as fev tha pontiml trandrd™l tost oot i
st od at the ord of 4 nimutes): L I
‘ ‘ YU,
- . ; L
';’f*‘*_:"_v,}_{g};_. Tualy ;e izet wrs rervire? 4o wmik on the o
CoSer e paeiad of Iopdeton, D ring this porled, tha S
abiee? 273 AL st b 168 peters per mintte and Sy
. S

kif‘:: B

. Ir s Bast, At o ard of Mo wralininary wallk ths st g
'set ar reandrsl Jeat o olaad for s prrisd of 3 minutes, o
Duttoxy 100 pariad Uo I frstor BLo 0 wire mede hegimiag ' L
WDoeeeads e e prold bnsrr wlk, ‘ A

t

DooJhpn Dot Bnp. ATter 5 onlinutes rest {alove) the subject woa B
oAz 42 run fer four nindtea om the treadmill with the Y
g;co o ob 252 motors por minute, The beglinning pitich was
et 2L 8 oar eent and thevcalter was relséd 1 per cent aftor
¢me ensecdunie Torled of mmndng, :

Feavatz, 210 Lhub tro of the schjcote wers ebls to complate tha L
e Vor Yieeos tuo sibjects thon, tl'e soeralled shozt fora amounted .
e 2 trus mwlrel toel of exereloo teleranrs, For the remainier of T
the o2osts the test was definitslr submextzal, &

' a1

Sirce the raximl trexdmilil senres were not swailaghle for the 94 ‘,;
suvjects whe wary yiven the tosterztest for reliability purposes, the ot
Sata [rom the €3 eubjucbs of Croup V (seo Seection 1) weie nzed to de- iy
teirine the velidity of the L-mimutz teat. This arclysis wad completely -
faa5ible with the heart retas from the first four ninutes of the miximsl
test, It muat he esawmed, hoewovor, tlat this segment of the mximld iy
tost for thess ahjacts would not be essentially differcnt wezo tka R
subjucts setunlly only run fer 4 nlautes, i

Table 15 glves the georc-crder and miiiple cerralsaticns which ex- ;_wf
prasa the wlidity of messures from tlhe J-ninute test, The following
points may be noted: ) A

3

1. Measures of heart ratd curvature (the second derivetive of a
second cagres curva) and third=order differences, are corre.
lated with tha criterion to ruch less extent then the accelera- L

s ““?':‘T"'—L“.-Eﬁ!, Tt
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TABLE 15

ZERQ-ORDER ARD MULTIPLE CORRELATIONS: TOUR-MINUTE TREADMILL TEST

(2)
(3)
{4)
(5)
(6)
(7)

(1) Treadmill Score . {5) 3rd Difference (Finite differ-
{2) OStanéavd Exerclse Heart Rate ence of thé third order) °
(1) Flarimeter Blow (6) 2nd Derivative (2nd Degree)

(L) Terminel Heert Rate (7) Posteexeroise Recovery Index

| (N = 33 sases)

(1 - (& (3 {4) (5 {6) (7)
=033 {.63)# |
39 “elD {.36)
-3 - 75 .03 {.86)
230 =333 .27 -»19 {.23)
23 -.51 .19 -.08 22 (.33)
e2G .30 -.iﬁ“ .19 .30 =22 (<632}

#eliability rts {test-rotost) It parenthoses, ¥ e 94 and cenafuts
of cases other thur thoze used 0 determing the correlatiions in the
matrix except for {7) which has sn N of 60,

"

R1.34 = .53 Ry,347
R1.23 3 .8 By 345

+55

<54

R ,3457 = ,56

Mt

iiBﬁfyé? = -56 "R’J..QB

{«M

L7 = .52



_tion corputed for Lue criie £16 %v tho paximel test. fTherein
l1es the failure of this undifiesilon. In abbrevisting the
test, a large rmar®t of tls intermodiste portiom of the curve
han been lost which; it wiil bs recalled, was stralghter and
leas sloped, the longer tha eubject was eble tec run {see Sec-
tion I, p, g £r).

Of course, the terainal umving of heart mte on mpproach to
exhaustion has #lgo bwon lost except In a very few cases,

‘ Hencs, the third differences (taken from Pirst, second, fourth,

and eighth half-minute intervals) fail to correlate well with
the eriterion., Instead, im meost cases only the initial curve-
ture is awmilable, describirg in the four-minute period a
sacond degree parabola, Th4a second derlwative of this curve
does not, In 1teelf, ndequately differsntiate the subjleate
(ri¢g = .23}, Thas, it appsurs that the four-minute segment
of the heart rete cuyyw i3 4no short in most cases to demon-
strate the trond ¢n which siynificant predlictlion could be
based,

In further asubstantiation ¢f thesa facts, Table 16 should be
considerad. Groups IV-A25 and V heart rates at the second,
fourth, and elghth half-wminute intormls are intercorrelated.
With moderate to law corrslation with the criterion and high
intercorrelation, partisl wvariance, on which multiple Ris
must be basad, is verr amall, This is, in part, why the
curve functions louse validity in the abbreviated treadmill
test,

. Standard exercise heart rafte and flarimeter tlow show a com-
bined relationship with the criterion (Ry 23 = .48) comparable
with results in other series of experimsntsa (see Table 14),

It is interesting to note that termlnal heart rate is more
relinble than standard exercise heart rate, though correlat—

ing highly with it,

3. Post-exareise recovery index is a measurs of heart rate de-
celeration after the preliminary welk. Its correlation with
the criterion {r &« ~.29) and contribution to the multiple are
unsubstantial. The negative sign of the r; indicating lesser
deceleration in fitter subjects, is contrary to the accepted
dictum that pulse recovery is more rapid in the fit indlvi-
dual. As shown by the negative correlation between standard
sxeroise heart rate (during the last minute of preliminary
walk) the £it man departs less from his resting conditionm,
under the stress of exercise, His heart rate thus rises leas
and recovers relatively more slowly than that of the less fit
man, The raliabllity of this measure is low,

: 25&raup IV-A is the same group of subjects anplysed 1n the studies
reported in Section I of this report (¥ = 29). (See page 16,) .
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TABLE 16

INTERCORKELATIONS OF LARLY HEART RATES

{1} Tresdsmill Score

{2} BStandard Fxercise Heart Rate
{3} Hesrt Rate st 2nd Half-Mioute

Group ¥ Pack Pulses® {§ x

*Deggcribed on pame 47,

(-

=&
.3,42
~e55
- 53

=25
-0l
~v 2L
~» 30

33).

pt. ]

.23
‘*!26
~.31

-s33

(2)

74
.78
77

”

G
LT
A

=34
33
Q%é

{4) Heart Rate st 4th Half-minute
{5) Hearth Rats at #th Half-sinute

(3

..39

© W83

g
2

oy
[ 4%
N

w34
.91

(4)

90

293

96
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4. The fifth-order multiple (R p3.867 = .58) indicates the low
validity of the four-minute fest, Since the zero-order r's
are all low, the regressions would be axpected to show insta-
bility in other applications.

5, The reliability coefficients, computed from the data on the
94 cases of Group VI range from .86 for both termimal heart
rate and flarimeter to .33 for the second derivative., Cal~-
culation of the reliability for the batteriss of measures
was not xade because of the doubtful walidity of the four-
minute test,

¢ Supsary. Frowm ap analysis of heart rates during the first fouwr -
minutes of treadmlill experiments on 83 subjects and teste-rotest fourw
minute treadmill experiments on 94 cases, 1t has been sought to develop
measures of heart rate trend, analegous to acceleration in the previous
maximil treadmill studies (Section I), which would predict the treadmill
acore, From these studles, the following tentative concluslons miy be
drawn:

1. Measures of heart rate curvature, third differences and tha
. second derlvative of a socond degree fit of the four-minute
heart rete curven, yield correlations no higher than «30 with
tha eriterion.

2. While e fifth-crder miltiple of .58 wne obtained with these
data, none cf the viriahles correlste higher than .4 with
the c¢riterion. Such a bettary cculd hardly fall to be erra-
tic if croes walidstad ¢cr othor mples,

3. From thzss considerailons it way e concluded that the four-
minuate trasdmill test doss not provide a satisfactory basia
for pradistion of mawimal treondmill psrformance.

D. & SUIMARINAT FAROK TEST

ction. Decauae of tha simplieity of administration of a
standard test of the "gtool=gtepping” variety, a further effort was
made to valldete s subasxival test of this sort in ternms of the marimel
treadmill tout, (There Ls even further reason to atudy this type of test
further ainpa evidere in the rre2cdine atuiles casts sems doubt on the
feasibilihy of devela}inq & rellabie gnd vsild short form of the treade
riil test Jtselfl.

Aceorddrgly, & tost pouking wmy dsvised, ineluling post-exercisa
heart rats, flarlugsr Wleuy, and a serless of work perleds durlng which
the subject wre rendesed Lo coTry .s*wh,q of Increazing megnitude dur-
ing the subwasizal test,  'I'hs g :de? esrdes of work was included in the

hepe that chavach .zictdcn o ihe bt vete fievezse on such graded pack test

work might prove fe be o walid tAnt e phvoten) Fitness as indicated in
the treedmill atudlis:z.
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Tolirwas ~ {
1. Ioried nf;ﬁg: o Fhe ayoact wow rogiired Lo raemain dompletely
»

2,

30

5.

at rest fer & £-10 minuto prricd prior te ke tagt,

§§ﬂgg§;gh§gxg~psrigg, Diurlnz tlle perloi, ke sublect was re..

quired to eseand and dorzny’ oo a 17-inch steol at the rats
of 40 cyecles rer winate Pex a s2ried of S0 soconds,

At the end ef t1a 3tardard “erl Furvdnd the subjiect was atopped
for aprroximataler & ninntes 2pd the following meacures reoordeds

a, Pogi-exarcise Beart FKa’a, A 20-second zomwnt beginning 10
. Beconlis aTter crerclag.

b. Resovery Fenrt Fate & 20-waednd count beginnding 4 mimites

after oxercipms,

c. Flariceter Elopg. Tte first flarimeter blow was begun 45
seconds after the Staniard Tork FPorlod was stepped; the {
sacond blow wns then bosun 10 seconds followlng the end
of the first. 4 X0 rm, Hp. manometor with a slow leak
wsa employsd. The seoro wes taken as tha sum of the two
blows, .

The subjeet was then reyul,»d to dom s pack szck and 5 minutes
aftor the epd of the Stemdard Wezk Perlod, wes sgain required
to atep up end doun on thre same stocl at the samas rate for the
following l-minuts pericda:

a. Elrat Woxlk Pe;,‘ig . lhe subjest atepped up and dorm on the
stool, but no lead warn wuf in the peck sazi,

b. Seoord Work Perled. During this l-miuu*e perled the sub-
Ject woa required to sryry 15 pounds of welght in the pack
gack while perferming “ne sfanderd ézereiss,

e. Ihird Work Feried. Agmin the subjsct stopped up and cown
from the 17-inch stool for a perled of l-minute, but dur-
ing this period he wms raruirod to pack an additicnal 15
pounds {meking 30 ibs. of weight).

4. Fggg&b Bork Porleod. Ko a&ditional weicht was required

" during this l-ginute perind. The subjuct mersly per-
foreted the gtandsrd exerelise aprin wnile paeIJ.np 30 lbs.
of weight 1n the pack rack,

After each of the above l-minute work perlods the subject was
required to stand still for a period of 30 seconds vhile a 20-
second heart rate count was mide, Four heart rate scores

were therefore recorded for each subject Juring the pack test.
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. Eighty—three subjects were given hoth the submeximnl -
pack test described above and the maximal treadmill test (ses Seotion I,,
in order to obtain data for determination of walidity of the msasures re-

- corded during the pack test, In addition, retests wers carried out with

N

-many of the origima] 83 and pairs of tests on other subjecta. In all, a
total of 94 tosteretest cases were svailable for the dotorli.mtton of -
the relisbility of the various functions.

o RNearly all of the subjecte were asble to ﬁagotiate the
entire series of l-minute pack tests, Approximetely 3% of them, how-
ever, wers unable to complete the seriez and stoppx’ when umable to

. maintain the roquired rate of ascert and descent

The correlation matrix, and tha highest mzltiples of first to
fourth ozder, are given in ‘I‘abls 17, It ls cleayr from the sero-order
r'a that none of the msasmuros recorded during the submaximal pack test
possess sny considopable validity. Fest-oxercise heart rate and flari-
neter blow combined yield & multiple R of only 42, although judging
from the previous: investigations (see Tsble 12}, this correlation is

- usually ebout .50.

,";

The haart fates, taken during the pauses in t.he graded series of
work-loads ("pec¢k pulses”) possess high intarcorrelstion end:for this
reason only one of them, the fourth, has been carried into the matrix,
This measure, the fourth pack heart rate, is more reliable and wvalld
than podt-axercise hoart rate. o

It is apparent that weasures of heart rate bebsvior in reslation t-o
the graded work will not differentiste subjacts us-effeétively as the
curve functions in-the treadmi)l test. Thie is well shown in Table 16,

. The intercorrelstions of immadiztely contigucus heart rates are in all

casges .34 or higher, erd the first snd fourth correlate .86, The com-
plete failure of thirﬁ differsnces to corralate with the criterion is
further evidence that the shape of the otwwa described by the graded
work heart rates dl}ash pot difforeriiats Lish from low t.rbadmill per=

' forrars,

Gcnsidaring the possibilite of using the submaximal peck tea‘t. a8
a screening device, "cut-off* points have Lzen detvmined.from inspeo-.
tlon of the scattergrams of th: varizries with treedmil) score, The
significance of differance betwcen the cntegories distipguishing ex-
treme groups fmom the mrést of the cnsos wassthen tested lgay chi—squa.red
These deta - ure glven in Table 8. . ¥ .,u - {

The hig"! group wee definad by four v ,Lablea, three of which were
in the correlstion mmalysls. he fourth, F52, 1s the number of work
periods in the giaded seriss nszapialy te Jev'ata heart rate to 52 or
higher. ,Uss of the. aselestod ¢’ dnaticors &, D, BC, ABC, ABD, ABCD
{isan” fabls 18 for de’ *aﬂinx\a datroted N4 sen who had higher than
average treadmill weors, and O with lower than .avarags,  Un the other
hand, it Puiled tc'ila;.aii‘y 16 g x*,uetw ;1o Teve above aversgo an the
treadsill, The' ehtepguiycd 40 1974 (P % L00002) ., This teble illu-

-
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7-, co&amnons; SUPNAXIMAL PACK TEST ~ . o ¢ o

ik

'R " n

- (1) Trohdnill Saore TN (4) Fourth Pack Hdurt Rato
e {z) Post-exercise Haart. Rata . {5) Third Differences (Pack Pulsaa) T
iV © (3) Flarimeter Blow , - () Recov:ery Heart Rate ;

Fy

Py

W S
b

%L ' o '[: o . ” o . ,(.N - 33) ! - Y ‘.'r » '
L Wm @ ). W (8 - (8 :
’; - ) : -.19 .- ale . C A ‘,,”w; i
e | . :a.:‘r‘ = o
B S G A =N R -'

(&) 7 =32 98 -0 (.82) - b - z' |
() - gl a0 o (o) I
L . U »-fi ~. T

(6) ¢ =05 \.54 =09 .55 15 (66)
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Ol . oft the 33 Gasés reprosadited in -the matrix. W of reliabliities is
g 94, tut not the same 94 that wero used to deturnino mub;uny of
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H3,m Orsup

Categoriess ~ A = P52 4 end &
B = 4th Pack Heart Rz*w wadar 82
€ = Flarimeter over 41 gsecondsn
D= ?osnnsxeruise Heart Hete under 41
Above Av. Below Ave
Irecdmill Treadmlill
High Group | & el
(A.’ I}, Ec,
ABC, ARD, 24 b
ABCD}
ALl other ¢ d
coses i5 37
40 L3

e 498 - 96 & 792
Chi-squared = 19.04

Pa < 00002

leow Grovyp
Categories: A = P52 1l and 2
B = 4th Peck Heert Hate cover 58
C = Flarineter Blow under 35
Below Av. Above Av.
Treadmill Treadmill
Low Group a b
{AB, C '
ABC, P%) 24 10
A11 other e ¢
oases =5 27
L9 a7

#A\% 643 - 250 = 393
Chi-squared = 4.25  p 3 g,

)

52

%
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- :\;1 f‘i'ustmten the issues involved in use of asuch s screening test, By brocad-

ening the criterion it is possible to defins mors high men, but at the
saps time, includipg more low men, Converaely, sharpening the cut-off
criterion to exclule more of the poor mem will pick fewer good men.

A similar cut-off procedure to classif'y the low men proved to be
oconsiderably leas satlsfactory. While thesa categories chose 24 low
men, they also chose 10 high men arnd fulled to plck 25 other low aen.
Chiesquared is 4.25 (P = .04).

This analyels of the submeximsl test is not entirely adequate be-

cause the sample (83 cases of Group V) was not ideal for walidation

purposes, since the extrames were not well represented., Other cut-
offe might have been trisd. HNevertheless, the results indicate the
serlous limitations of tho standard submeximl test and define the
degree of confidence which. can be placed in classification by such
a8 test. Since a much more promising type of submaximal test is af-
forded by a varlable length procsdiure further consideration of the
present type has been abardonad, at least for the present.,

Sugmary. A test routine was set up including Fost-Exercise Heart .
Rate, Flarimeter Alow, and a series of work periods during which the sub-
Ject was required to carry weights of incresaing magnitude during the
submaximal test. The charscteristics of the heart rate increase on the

, graded pack test were examined to determine if they could serve as valid

indices of physlcal fitness as indicated in the treadmill studies.

Elghty-three subjeots were given both the submaxima) pack test and the

maxinmal treadmill test. Retests were curried out with many of the orig-

inal 83, while in all, a total of 94 test-retest casss were available (
for the determination of the velidity of the various functions.

Briefly, the mein findings of this section of the investigation
showed that: ' ‘

1. None of the measures recorded during the submaximal pack
test appeared to possess any marked walidity.

2. HMeasures of heert rate behavior did not sppear to differen-
tlate subjects as effectively as the curve funttions in the

 treadmill test, . \ '

3. Cut-off polnts were determined from inspectiom of the soatter-
grems of tbe variables with treadmill soore and the aignifi-
cance of the differsnocs between the categories distinguishing
extreme groups from the rest of the cases was tested by chi-
squared. The chi~aquared P values for both the high and low
groups fell below .05. In the high group the selescted com-
bination of varlables detected 24 men with higher than aver-'
age treadmlll score and 6 with lower than average, but failed e
to  olaseify 16 subjects who were  above aversge on ths tread-
mlll. In the low group the categories chose 2/ low men and 10
high men, but falled to pick 25 other low men.



SELTON TIT

THE (BILING FUART RATE TREADMILL TEST

INTHODTCT TOR

In the precoding section 1t was shown that the four-minute treadmill
teet vma too short to provide wvelid measuroment of the trend of adaptation
to exercise. Although it was possible to identify the poorer fitness group,
i.0., the mem who eould run only 4-6 minmites before exhaustion, those sub-
jecte with everage tolerance {able to run 8-10 mimuites bafore exhaustion)
could not be differentiated from the supsrior subjecte (those able to run
12-15 minutes),

It was then hypothesized that if each subject could be run on the
treadmill test to & given proportion of his total curve a test of puffi-
clent length would be availshle to give heart mate curves of sufficient
vallidity to predict meximal performance.

The Ceiling Meart Nate test deserivod in this section is the out-
come of the preliminary stwiies undertaken with a view to ldsntifying
a segment of the heart rate ourve which would be reasonably predictive
of the total curve for each individual.

Progedure. Following the hypothesis stated above, the first prob-
lem involved 1s the selection of a "cut-off™ criterion point which might
result in segments of the heart rate curve proportion to the total. 3Sweh
a criterion 1s not oniy essential to the theorstical snalysis of the pro-
portionel curve hypothesis, but is even more important from the standpoint
of developing a submaximal test of exercise tolerance which might prove of
practical value in the field,

A “out-off® soint to bs practicable must be detsrminable during the
courss of the test run on the treadmill so that the test can be atopped
at some point before actual exhaustion is reached,

At first, a standard maximum heart such as 85 or 95 beats per half-
minute was considered, However, inspection of the data and prsliminary
trial teste using this teohnlque showed that such e cut-off point would
fail to provide proportiomal lengths of the ourve because. individual .
differences in genera) level of the heart rate curve were too great.zﬁ

For exaxple, two equally good subjects (es measured by lemgth of
run on the treadmill test) may have heart rates, though similar in trend,
different bty 5 to 10 beats per minute throughout the entiye test, irclud-
ing the fimml heart rate attained. It mst be agsumed, therefore, that

26The absoluts Mout-off* soheme does however yield data of nonnidor-

‘able validity as will be shown later in this paper.
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5, with equal treadmill test performance such differences do not necessarily
e reflect wariation in cardisc efficiercy, It then becomes important that
- a "cut-off" oriterion be determined which takea inte socount the individ-

¥

¢ ual heart rete pattern, i.e., an individual "cut-off® criterion focunded om

i & baseline fer that individual, ‘ ' ‘

i . Restlng heart rates, while giving some clue to heart rate level dur-

i ing work, fail badly in individuml capes, A considerably more representa-

Sy tive btageline may be obtained during a period of stremuous but standard-

% © ised sxercise, ‘ .

¥ The average half-minute heart rate, taker from the peried 1! 45" to

T 3' 15" of the treadmill rum, hersirafter to be designated "Early Run .
Heart Rate" (ERHR), was chosen for study. With ERHR as an estimate of
heart rate level, a "cut-off® hsart rate could be defined which reason-

ably suita the individua)l being tested,

_}f‘[jnp'.ﬁ“{ e

e

g Since heart rate approaches a maximum with the onset of exhaustion,
5 which terminates the mximml test performance, it is evident that if a
FE raliable forecast of this exhaustion level of heart rate from ERHR can

i bte mde, a given heart rate short of the maximum to serve as a "out-off™
¥ eriterton can be predictad 8o that the individual will not have to be
-run to exhaustion on the test, Such prediction can be made according
to the formulas E

,i .‘ ‘Y(}—r_ _&_ x - - fz H)_K?

TR v gx N 5"’ rx  *

: H . - .
2 : where, Y » meximun heart rate {the average of thres last half- .
E. ‘ minute ratea) a o -

Vi ' X = ERFR (Early Run Heart Rate) .

¥ and £ 2 mosre and stand=zrd deviationa of X and ¥

K = a subtrahend determining the point below maximum hea
rate at which "cut-off"* will be made. . .

i, ; %c & predicted "cut-off criterion for the individual

5

The accurncy of this system depends, of course, on the correlation
. cosfficlent, (r), which determines the standard srror of the estimatéd
Yoe. The final walidity of the method, however, rests upon the mmgnitude
ani stability of multiple regressiona cbtained from three variables
which develop from the data when the cut~off is used. Those variables
are: (a) ERHE, (b} the second derivative of the heart rate ourve ex-
tending from start of run to the cut-off point,?7 and (o) T, whioh is
‘the time to reach the cuteoff hesrt ratas, ' , \

R LRI N

CARET L
DA
r

R
S ® e
RS

]

- 2Ygaitor's note. It is important to note that this out-off point
-which- 18 defined as a given heart rato short of the maxlmum at the exhaus-
tion level was predicted by the -above formmla and not obtainsd by rumming
subjects to exhauastion, - .
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X, the pumber of aeart heets ner half-minnts balow the naximua, at
which the cut-cff was to be mads wnr selected as one siandard errc on
the judgment that it stops most of the subjeots sulfficlently short of maxi-
mur performance to make the vest submaximal, tut not sc early that the sub-
Ject 1s stopped before relisble heart rate trends are sstablished,

Subiects and Datn. The necassary data for the statistioal enslyses
undertaken in these studies wers available on all of the subjects of Groupa
I, II, ITI, and IV testad during the investigations reportsd in Seotion I
of this report. At this time it was falt unnecessary to subject another
large group of subjsots to the maximal treedmill test, It wlll be neces-
sary, however, to provide new groups of subjecis for a rig:b& oross valide-
tion of the results of these analyses.

+ The esaential dets on which thesa cut-offs ware basad, ure
presanted in Table 19. The corralaticns betwesen EEHR and meximm heert
rate at point of cut-off are very consistent over the seversl groupe of
data, averaging approximately .55. A falrly high, btut lnconsistent nege-
tive corrslation, is found between the criterion snd FRHR whils correla-
tions with maximzs heart rate ara for the most part insignificant,

The standard error of ostimting paximun heart rate (and also the
cut-off heart rate which is a constant subirahend) besed on a ocorrela-~
tion of only .55 is relatively large and would serem to assriously limit
the ulid:!.ty of the cut-off method, However, the partial correlations
(l‘g , 1.8., ths correlation between treadmil}l score and maximum heart

with ERAR held constant, indicate that high tresadmill scores tend
to be above the regression of maximm heart rate on ERHR, and low scores
below, In other words, the good men tend to run beyond 'bhbzlr mexinmun
heart rete predicted from ERHR while poor men stop short of it, As oan
be seen in Table 19 these partial correlations are above ,70 in fw a§
the six senples and approximately 039 in the othar two.

The standard error of eatimate then Is gystematic to the sxtant of
thess partial correlations, and affectz the correlation of €T with tresed-
mill meors considermbly less than would otherwise be assumed from such sn
arror of estimste. The cut-off criterion, which is s parallal of the re-
gresalon lina will, therefore, tend te run the poor men s longer tinme,
ard the good men a shorter time than would be #rue if ideal proportions
of total hesri rate span could be detsrmined. This gurtails the CT vari-
ance, but doss not serlously lower the corrslation with total treadmil).

The prediction squations are alsc given in Teble 19. It will be
noted that the regression coefficlents and constants vary someshat with
the means and standard deviations from sampls tc ssmple., One explana-

vhen x 1s maximm heart rate and y ip
esarly run heart rats.

Brrat 18,07 1/ 1 - 2
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INTERCORRELATIONS BETWEEN FARLY AND MAXIMUM HEART RATE

--fg_u

TABLE 19

ABD TREADMILL SCORE WITH PREDICTION EQUATIONS

§

Variahle Grouype - N Memn Rala
ERRR (2} T o8 £8.0 6.26
I a7 87.7 5.73

111 45 9.6 7,01

V-A 29 B89.2 5.22
. IV-B {retest) 87.6 4L.T8 -

v 83 87.5 Lo

Maxizum Heart I 98 100.9 4,89
Ratse (3) I1 97  101.1 4417
IIT &5 7.1 427

IV-A 29 %04 3061

IV-R (retest) 97.7 3.93

v 83 97.6 3.76

PREDICTION EQUATIONS.

I 98 Yo » -422 (x)

1T 97 Yo o 366 (x

ITI 45 Yo = .325 (x)

IV-A 29 Yo , 431 (x)

IV-B (retest) Yo z .46 (x)

V. a 440 (x)

- #DAfferences in these out-off constants are due to differences

Treadmill Score
Esrly Run Heart Rate
lhxim Heart Rateo

83 Yo

in the standard srror of estimate,

Correlations

'u68

"'03?

-u62

-.53

”‘.53

-.37

- 12 <54
202 250
w17 .53
i27 062
.20 Sl
o43 052

63.8 = 4%)

) 6900 -4 ;

67-4 - 4

wuo - 3 )

61-3 - 3 )

59.1 - 3 )

B '
v T o T
e

26
19
90
«70
79



all cases but one higher, though the difference is slight throwghout. -
The next logical step. in the treatment of these ‘dats wus therefore the
anelysis of the stability of these two batteries of measures,

h}ﬁﬁﬂgf R 5 - ! ‘13._‘1. o f‘;:‘:.-F: ~g;{c”‘: IR 3 IV'I‘E‘% g&%
P , ‘. L Lot
=55= ‘ e S

o e

. B

& very adequate basis for general spplication of the cut-off point to 5
men of this age range, . e
- e

. The zero-order and multiple correlations between the measures de- 1
veloped by the cut-off method and the treadmill sccre {oriterion) are =
%1ven in Tabls 20. The data are arranged {0 empbhasise three pointe: Y
a) the comparability between multiples containing CT and those oone Lk
taining the second derivative; (b) the validity of multiples contain- . R
ing CT; and (o) the velidity of the simplified measure, T 85-95, the A
treadmill duration starting with a pulse of 85 and ending when the pulse *@%?
reaches 95, ] A
It will be recslled that one of the primary cbjectives in develop- s

ing the cut-off procedure was to obtsln a segment of the total curve which ‘;%
" would yortray a greater proportion of the heart rate trend during work. i
It was anticipated that longer curves would yleld valldity approaching -
that for the total curves (ms shown in Section 11)., By
Such hes proven to be the case, Multiples containing the deriva- A

tive of a secomd degree fit to the heart rate from beginning of run to . -,
the cut-off point proved to be in the neighborhood of .7 whan combined o
with standard exercise heart rste and flarimeter blow.?? This consti- ol
tutes a statistical demonetration of the logical connection between the o
total cwrve validity and the present cut-off curve, However, the com- %
bination of CT, Stsndard Exercise Heart Rste, and Flarimeter Blow cor- e
relates slightly higher with the criterion in tkree of the four gamples P
used for this comparison, and the close comparability of the muitiplies, "
R1,234 and R1,235 demonstrates (pending cross-velidation of the results) g
that the cut-off measure, CT, might be substituted for the gurve func~ "
tion. It may be, in fact, a slightly different measure of the same —'%
tendencies; foo &
i

- Summery Analvalis of Stability of the Ceiling Hesrt Rgts Temis. The ::ia
multiple correlations between the treadmill criterion and the three inde- o
pendent variebles -~ Standard Fxerclse Heart Rate, Flarimeter Blow, and 4
Tims to .Cut-off representing submaximal measurss -- wera high enough to W
justify using them ss a workable battery predicting maximal performavce, C o
This battery is hereafter referred to as "Celling Feart Rate Teat A." -?é
3

The multiple correlations between the treedml]l criterion and the ‘FZ
three independent variables -= Ctandard Evercise Heart Rate, Flarimeter N
Blow, apd T 85-95 -~ likewise are sufficiently high to justify these es i
e workeble battery. This latter bettery is hereafter referred to as e
"Ceiling Heart Rate Test B." i %
Ceiling Heart Rate Test A has certain theoretical advantages over s
Ceiling Heart Rate Test B and the mmltiples with the criterion are in 3%

Ta

—

A

DOk

29Since"on1y a portion of the total curve is now uszed a second de~
gree curve 1ls adequste. The second dorivative 1s a constant in thege
second degres curves,

P
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TABLE 20 .
COHKELATION MATRICES AND MULTIPLE R'S: CEILLING
. UFART HATE TEST

(1) wreadmill Scar. ' : {4) Tine to Cut-off

{2) Standard Exercise Heart Rnte 5} Second Derivetive’
{3) Flarimeter Blow (6) T 95-95 :

" GROUP I (98)
(1) {2) (3) {4)
; ) --“;6
.37 =10
) -62 ' -¢L7 17 !
) 051 . ) ""-07 -11 -66 '
) 050 ‘ . "636 -10 ' . -
Ry,2z = .65 . o Ry os o .88
Bil3s = 63 M3 z.u59
Ry a0 - Ry .23
B1235 2 12 ¢

]
&

GROUP 11 (97)
(1) () (3)

:(2)_" C o =a0b

(3) . 1 . '46 ' | ) .m !
(A‘) ' '55 ""-33 f|25
€ . B3 -2 .2

By 234 = .65 T BRyo%% o= .64
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TABLE 20 {lontinusd)

CORKHELATION MATRICES AND MULTIPLE R'S: CRILING
HEART RATE TEST

GROUP 111 (.5]

(1) (2) ! {3)
...‘42 -
GZL "u]2
.52 -39 .15
.53 -3 .16
R1,234 = .59 R}.236 = .61

GROUP 1V-p (29)

(1) (2) {3) (4)
A
.59 - 06 :
-60 "osl tu
I!‘.O “vll i55 -31
bz —o43 40
K124 « 63 Br.26 = .59
Ry, . .1 By 3¢ = .66
Ry 2340 73 R 236w oV
1,218 = ,a
| GAOUP_4F-8 iretest)
{2} RS {3} {4}
Y
.57 0
3 e .51
A0 -3 .54, 61
x\(‘j e '3:: 3(47
kyoso .o v S I S
by, ag 7o Fah e 7B



TLHLS 2 CCantlnued) o

CORRELATINAK MATRICES AXD MULTIPLE K!S:  CEILING
HEART RATE TS '

GRIUD ¥ (83)

r1.) {7) (3) (4)

{gg -.33 - 10
l39 --63 026
) (A) 7 159 ™o 2 113 073
(=) _ .51 | ~ .45 27
{6) 57 !
By = .59 | Ry,26 = .57
Ry, 3 = -&4 R1.36 = .62
R1,234 2 64 | R1.2% % .63

Ry.295 & .62

Each of the tests may bsst be represented the mltiple regres-
" slon equation with the oriterion (treadmill test). This equation will,
of course, determine the score of individuals to lrhon the test will be
applied in the future. The question might then be asked whether the
equntion of any one set of materials 1s spplicable to another set,

It 15 known that the multiple regression equation represents the
best weighting of the factors involved im the group from which the equa-
tion itself was derived. How well it applies to another group is a pro-
duot of the reliability of the elements and the changing conditions of
the sample. Tegls might be acceptably relisble and still show low
stability because corditions exlating in any one sesmple are dlfferent
from those existing in another. 30

Table 21 gives the Beatas of the two Ceiling Heart Rate batteries in
the three large groups of subjects. It was thought better not to deal
with Betas of the three smaller groups, though cross-application of

' » Decisions on the suitability of these tests for
field use ahould, of course, be based on further validation through the
use of additional oriteris.
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the other multiple regression batteries to them was made, It.1a

. apparent from inspection of the Betas in Taeble 21 that there is a good
deal of similarity in the standard score weights obtained from these
three groups.

Cross-application of Betas provides the definitive resulta. It
is difficult to Judge the importance of a discrepancy between Betas
oxcept when the crosg-applications are made. The R for the cross-
applied regreassion has been calculated from the formmla:

Ba,rxz ébi Tyg + Bc Ty *eres En T™.n

( 2 1 1/2
(82+B8485+,. . .B *2{3&%r23¢333g2&43b30r34+.Q”‘Bn,,lﬁnr{n,mn)

where By, By, Bo, Bpn = standard regression coefficients (Betas) from an
alien sasple, and r’s ere irherert in the data to which the regression
1s applied. .

R

By using this formula all hazards which are dus to chenged variance
are excluded, Since the problem of warisnoce to be expected from groups
to which & finagl test may be applied smust be studled as a separate prob-
lem, 1t is proper here to make the eross-application with Betan. The
stability of petterms of standsrd score naighta as &erived from difrerent
groupings is then being tested.

_Table 22 presenta the resulis of these croas-applicetions. It is
apparent that the Group I regression used in Ceiling Heart Rate Test A,
when applied to other groups, gives almost the same multiple correlation
that is obtalned when each group uses its own regressions., An exceptlon
te this 1s the application to Group II which seems to be atypical. The
aame is true of the applicetion of Group V regressions but this tiwe
without the exception. Group II regreesiona, however, fall to recover
a multiple as high as the one which is inherent in the original relstions,
In all cases except the application to Group V, Group II regressions ob~
tain multiple correlations considerably lower than the inherent ones.

The same relstions hold for cross-applications of regression to
Ceiling Heart Rate Test B, Here, sgain, the multiples obtalined by
using the regressiona of Group 1 are only a.1ittle lower than those
‘that are inherent, except in the case of Group II. All multiples using

* Oroup V xagresaicna are only & little short of the inherent cnes, with

the possible exception of Group IV-A which falls from .74 to .67, Use
of Group II regresaions sgain results in considerable diminution of
miitiple correlationa from those that are obtained when best welightinga
are computed for sach sget.

It pay tentatively be conoluded from these results that regressiona
obtained in Group V represent a stable pattern. Thess regressions are
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TABLE 21

THE ‘BETAS OF THE (RILING HEART RATE BATTERIES
IN THE THRFE LARGE GROUPS

21; Treadmill Score
2
(3) Plarimeter Blow

B12,3
B13.24
B14.23
R1.234

Bia.%%
B13,26
B16,23

R1,246

Standard Exercise Hoart Rate

GROUP I

(§ = 98)

70

(4) Time to Cut-off

(6) T 85-95

GROUP II

(=97

i

GROUP ¥

(Lz83)

05
«26
5%
64
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TABLE 22
MULTIPIE R'S OBTAINED FROM THE APPLICATION OF ALIEN
REGRESSION COEFFICIENTS TO CEILING HEART RATE BATTERIES

(4) Time to Cut-off
(6) T 8595

(1) - Treadmill Score
(2) Standard Exercise Heart Rate

Ly
[

. L V.L ,‘
S g P T
S5 i e e EAT Y R T ALY ™
&l b kT e g BT S

. (3) Flarimeter Blow

IX
11X

IV-A

V-B

TIME TO CUT-QFF

Rl.234 usipgi

Group 1

18
.58
.58
.73
<80
.62

T

R .23 usings

Group II.
Rogresgion Regrasslop [Regrepelop A

85-95

53

y:

.66
< 76
.63

Group V

.68
64
.52
.75

o 78
£

98
9
43
29

29

83

b &

R
L e

R .23 usings
1,236 Group I Group 1I Group ¥
Inherent asion Negrasslon  fspresslon X

J‘f& c‘::{ir’ 063 98
L 55 léé ~ .62 97
.59 .51 .58 43
S22 oA 67 293
el Tk 7 29
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very much like those obtalned in any of the other groups, even atypi- .
cal Group 1I. They represent the formulae ’or arriving at soores in
Geiling Heart Rate Taata A and B,

It next seemed desirable to test the reliahillity of this regres- .
slon equation directly. Using a multiple regression (not Betas but
b's) of Group V, predictions were mads on IV-A and IV~B. The scores
obtained repro&ent two applications of Ceiling Heart Rate Test A to
29 cames. Since the Flarimeter Blow was only taken once, it was neoes-
sary to include the pame score for both applications. However, since
the test-retest correlation of this test is .85 or better, the spurious
addition to reliability of the regression prediotion from this source
is small, The correlation between the two regreasion acores, ocomputed

aepantoly, As 91, .

The prinoiple of the oeili.ng teste 1s to select a heart rat.o span
in the progreassion toward exhaustion and to detemine work dore during
this span. The less curvature there 1s in the heart rate development
and the more gradual the slops, the more work there will be.

Ceiling Heart Rate Test A uses a varylng ocut dependent upon heart

. ﬁte level and Test B uaea the pame cut-off for all individuals,

1t 1s hportant that further studlies be undertaken to investigate

further Ceiling Heart Rate Tests which include the same cut-off for all

cases, If this methbd could be smployed to galn results as good as
those for Ceiling Heart Rate Test 4, it would incorporate certain prac-
tiecal advantages for tests of this type.

(o]
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Provious to undorteking i stodies dageriboad in the toxt a variety
of explorateorr inwvestigatics xera enrried ont in order to lsterwnine the
feaalbllity of employlrns the raxinsl troindstll test eca = measure of sxer-
clse tolersnge and to tutt tha predledive wmlue of the standeard measures
of eardiovaacular~raosplratory roaponss to siopcise or physial exertion,
It was poeslble also o dnvogtiznte ths rolaticnahip batwoen certain
anthropormetrls persurasents, Llhe treadsili teed, =nd tha physiolugleal.
mensures,

The studies described 1w tris rppondix sre admittedly exploratory -
in nature. They served prira-ily o dafine the directlon of further
experimentzl investlgaticns glimed at ths coastruction of a battery of °
measures which would relisbly pridlszh ere-cisa tolerance as measured
by the treadmill tauat. '

STRSSCIS

A group of 100 subjects wail sclected nt random from an available
2000 enligted msn st Hoffett Fleld, Californin. All of the subjects
wore certified as physleally fit, 1.e., they hsd baen claasiflied as
I-A by the draft beards which insurcd their Leing relatively froe from
any defects which would hardiesp them for military duty. All of the
men had had a minimum of three wesks military training and so had ex-
perienced the major part of the "toughening up" process. They ranged
in age from 18-22 years (a period during which large variations in
physical capacity are not expected to occur) .3~

*

f ' PRGCEDIRE

All subjects were subjected to the maxima} *readmill test and their
treadmill score calculated., Cardiovascular and resplratory measures and
certain anthropometric measuvemenia (e.g., chest width, age, height, sto.)
were recorded for each man,

e

3iThese facts shoudd indicate beyond a doubt that the group 1s rela=-
tively homogeneous. A test of exercise tolerance which will provide a
large spread in measurements taken in such a group could therefore be ex-
pected to differentiate gquite well between subjects in the general popula-.
tion,

32The treadmlll test and the method for computing the acores on this
test are deseribed in Section I of the report. Cardiovascular, respira-
tory, and anthropometric meaaures and procedures for recording them are
Jeseribed elsewhere in the text, either 1n the body of the report or in
this Appendix, )
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These messurements were then aubjected to detelled statistical amly-
ses in order to determine the relationship batween such measures and the
treadmill scores {axercise tolerance}, It was hoped that out of such
anelydas could be derived a mximized prediotive battery of physiological
measures which could be more reliably employed in the fisld as a test of
'Fitnasa’ thun those tests in cuwrrent use,

RESULTS

The mean treadmili acors for the 100 cases employed in this study
was 10.41 with a standard deviation of 3,59 and a range of scores from
3 to 22, The treadmill test s camble of differsntlating betwean sub-
jects even in such a homogansous gicup ea this, Differentistion should

"be even batter therefors is » random populstion of individuals.

&gthgggggg&;&gﬂﬁﬁggg;gg. finthropomatric measursments wore sanalyzed
in this study for two trirary rosveonsgy

1. To determins the relationrrip betwsen bedy dimensions and exer-
cime tclernnce a8 weasured by tha treadmlll test,

2. 7To datzrpine the ipterralsuvionstilis Letwsen the treadmlll test
accres, t;m thysilologliez] memsures, and the anthropometric meds-
wrenent«

The followlnz enthropometric wassuraswerts wers recorded for all 100
subjecte: .

1, Age, racordeld to the nesrast yoar.
2. Body walght to the nesrast ass-helf kilopran.

3. Height to tie neerest centiteter, staniine eract with beeck to
mesouring rod. '

4o ULeg length. Ulerlived fron ihe diflerence boiwesn sternding and
sitting baiznt and vith Ro prosuure.

. <hast width., Ysseured to nesrset eativosor at the nipple
iaval, .

6., Pip wi2th. Measwad with e pressure wt the graatest width
of hi=1lige Jlametor 4o tha wistrest cantineter,

7. Uewirticn from Iryer heazbt, The davietion of body weight from

e W W et e il 1

TR T T T b M MR D Aer Jde YR Do o LAY Ok U B WM LIS o ML FLag 4 s YN A T s e il ———gw

AN . - “ . -
2Ie wem versmuezd that 19 gush welstlrandiip woe Yound to exist im
any peaitive demvry i t¥ia Legogoeeowi mpepp of smibjsots that 1t nipght
be pacassayy 1o sract o'l Yhe warhs srd amoowrershtsy In teras of the
F
anthvepozetris (actva go wall o vosonden bolaranss end phyaicloglieal
respopse, o




8. Suxfses ar . Hfras. '{; Ia cyaev 2 wotorp of wody surfoos, takan
from the Dafols ¢y B

9, N¥ital Gepeedby. The best of thrse triale mzasured in liters
ard coryacted for hody tsaparctire.

10, ¥,C./5.A

. swriace Vital enrmelty ln 1itera per SUATS m@tnr of Ledy
aurfess,

In Tav¥la 23=A are precavted the corralations of aach of the apthro=-
pomotric mescurcs and the mazirol treadwill acoers for the 100 cases,
Also presontsd 13 the atendand daviation (8.D.), the mean, and the co-
effizient of warintion (C.V.} for eash of the mensures,

0f thoua Haasvrcs, only chegt widtk can be considered highly sig-
nifiennt. On the whele, the rocnlis ars net such as to Justify any
conclusion eoncerning the rOL&t‘Gnﬂ“ iy batwaen tresdmill psrfcrrmance
and snthropometric nessuras.

In Table 23-B oro given the corialations ketwoen welght, height,
and chest width and the shert tect rnvsio ogical measures. Herse, only
the correlation between walght and tie mtio P.P./D.P, was fourd to be
algnificant. According te the dnta aiven in thls table, then, the rela=-
tionship betwean anthropometric moasures and functional response to gtand-
ard exercise ig too low t» ba ccnsidered of lmportanca to the present
study,

Since vital cdapacity has boen glven so mueh prominence as a measure
of physical fitrness the analysis of these scores ms pursued somewhat
. further in the present Iinveatigation., Accordingly, the relationship
between vital capacity (a furctionsl measurs) and surfece area, helght,
Iﬂ%ght and chest width {structursl messures) was determined (see Tnble
24).

!

Consldering % .e high correlation bstwean vital capeoity and surface
area (,509), tho measurements wers put on a comparable baaiz by express-
ing them in terma of liters per square meter of body surface, When this
is done, the correlation betwsen treadmill score and vital capacity .
dropped from .239 to ,161. Similarly, when chest width wes partinlled

ingtons Dr C.1 Carmegie Institution, Publicatica No. BB, 1939,

355d4tor's pote. It should be noted, however, that.such measures
could not be expected to show marked ditrhrontiation in & group as homo-
gepeous as the one employed in this atudy. The possibility of such re--
lationship existing in ths general population cannot thsrefors be dis-
carded on the basis of thess data.
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(1) 001!relation tetween height and standing diastolic

pressure 1s .042.
* Attains 5 per cent level of significence.

#% Attains 1 per cent level of significance

!

P R, wta,
TARPLE 23 |
ANTHROPOWETKIC MEASURES
A Correlatiop with Treadmill Score (N = 100)
Meapure Mgan Sl £ [
Age B 22.93 1.95 -.172 7.82
Stendiog Helght 1%.48 5.47 L201% - 3.10
Leg Length 84.90 4.05 « 200% L.77
Body Veight 70.34 7.65 .168 10.48
Chest vidth . | - 30.17 1.35 # 34190 6.15
Rip Midth 29.04 1.4 035 5.03
Surface Area 1.86 .11 .190 5.97
Vitel Capaclty ‘ 5,03 58 230% 11.44
V.C./S.4. | ‘ 2.7 2% 161 9.72
DBV' Pryor Ft. ‘7?% 13107 0030 '
l N
B. Correlation with Short Test Measures (N = §9)
Relent . ﬁ&iﬂh& Chest ¥idth
Recovery Heart Rate «163 010 064,
deert Rete Change 116 -, 117 .034
Flsrimeter Blow -121 . 0 L.160 «157
- Retio P.P./D.P, WRIFE _ (1) .169.
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TABLE 24
CORRELATIOR BSTWEEN VITAL CAPACITY AND STRUCTURAL'IEASURES\
Surface area and vital capacity 509
Body heipght and vital capacity <498
Body weight and vital capacity 418
Chest width and vital capacity - 366

s out, the correlation with treadmill scure dropped to .129,

It my be tentatively concluded, thersfore, that for.this group of
subjects, vital capacity hae 1ittle relationship with the trsadmill per-
formance epurt from such structural mee.cursnents as ‘surface area and
chest width and conseyusntly hap little place ip a test of the funotioml
capacltles of mom of thia type,

)i Cire ory. F + hzutinz clreulatory wessasures wore
taken in & gquiet rcom, Tre subjlect. upon reperting to the leboratory in
the basal state, recliued en o ¢5t vhlio the reclining heart rate wae
counted and blood prezsures abtalned., After 5 minvtes observatlon he
took a sitting poaition for flve aluntes followsd by a aeven~minute
standing period. The elrculmtory oYsvrvaticone were wade during each
minute for the thres pssitions. Bourt rates waers countaed with a stether
scope over the heert. Counta were “ogus ail- the 15th second and ended
at the 45th secomd point of esch ninate. The rates ware expressed as
beate par-minute. Sysiolic (12t point) anl dicstelic (4th point) resd-
ings were racde as cianwly to the 30 sacond po int as pousible.

Cheorvations were mndse v oxeh ¢f ths 17 mirntes of the resting
period., The readings 'or the Flrst wwo rnahes, durlog which adjustment
takea place, wera omitled v tve croputztion of ths averapne heart rates
ard bilocd pressices.

Tatla 25 prézeﬂia the menro, @ oaalsy dovietions, ard cocfficisaty
of corrzlatlor fuor “he Individinl cnrdiuvasculer mansores and the cop-
relation batwsen thesza meaaicex ond the mhxlaol treadniil perforience
soores, Aleo given sre tfs eriviesl retles off tre differﬁnce betwean -
certain stending and reliatn s =wrsarea.

Tho resulte In fable O shggﬂs: thet {lers i3 cr Invorsa relatione
hip batweer Ficiean scores ang rapbiag Ldh rate {tre r, however, ig

nﬂt gtatistically silgrdl loon: ir ths 1&§%L7tian}, Ci1one thia corelu-

sion tag beon borpe cut by olhar (Llff.x@f A oals explanslion of the

lack of sirmiffcance 27 Yoy & Oaosd oses Do b xAlanive henowenaity

of the £ooup, U6 widl o sotla folt foe vrorass haart satw for thoss

100 saxed wns £1,40 Lacte psc iy xae . T3 vipniudef as sharacterise
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citning

ieemrd 395?:3
Systelle
frnatolls
T FLISE Dre3sule
Jittie
derrt rate
syarolie
saepatolie
Milce prossure

stending

Haart rete
Yystollc

" Dleatolic
Pulre pregsure
P.P/DP.

Cherge Reelining
to Standing

Heart reate
Systolic
Dieatollc

dulge pressure

#ittains § per cent level of significsnco.
Beclining Siendipg Difference S.E. (diff.)
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Correlstian
rvith treedmill

gore K

“0166 ’
-039

'.1?&
w154

b} 13?
»132
000
N

“0138
Nt
- 2 50#
LGS,
s259%

_:%

f‘;%}.

=103
X ?-{:65‘33

23

a3
?; _'%
92
73

Hh. Hn 61.45 77.85 #16.,40
8D 3.20 13.%0

SP . ?«ﬁn = .123 069 llé"m "'89%
80 il.0l 11.37

DE. ¥n 73441 31.10 +2.69
&p 7435 T.52

?Iﬁ?t Mt‘l ééclg 33};% -12::12

5D .57 7.34

AR, 2t Mo
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61,45
123.69
73.41
ih,18

65,80
122.68
20.56
42,772

7‘7-85
134.70
31.10
34.06
2h2

17.12
+=R,82
3.47
**l}: L 3:&

»>

13.48
15.83
10.87
13.73

Hala

3,20
11.01
?*35
.57

8.32
10.72
?361
946

10,70
11,27
7.52
G.84
14
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.57
L25
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it w21l Ta roted thet chere 15 oo elgneficesnd relntionship betwesu
any of the recliring or =iillins, oro2iowszzalar meawurss erd Uo ralations
ship bstween the charss iv thess mmazuess phen the subject changes from -
a reclining to a stardirg proitine.  Rlaztollc bleod preasurs; pulse pres-
sure, apd F.P,/0.F. Ao, hovewor, shoo oipr{Tlesnt correlation with the
treadeill soors. ' .

These deta, theraicre, *rllests thes, within thlc sample of suppes-
edly - *fit® individuals, end ns exnmprred te the treedmill scove, high
fitnees is cheracizrlzad by n tendsuey to high pulsze pressure, lowsr dip-
stolic pressuro sod & highar ;nicn mrageure/dlastolle piessurs ratio,
and possibly by & comewhat lecver hasrl rale,

. Before accepting the forsgeing anelysss as conelusive, 1t should be’
noted that the clroulatory rezchiar to active standing my deal with an
agpect of fltness not properly zoacured by Tthe trecdmill test end, thers-
fora, weliphting assignsd te auveh varisbles ad standing dilsstolic pressurse
‘or the ratio P.F./D.P. may nct be appropriate in the masczsment of gensral
physicel fitmeags. It should slzs he recalled that thess measures which
show no relaticnship in thia highlv aelsctsd populstlon might prove to be
of some predictive sigmificance in g more hetercgeneocus group.

e ¥ork feat. An attempt wes also wsde with this group of
subjects to determine the walidity (in terms of relationship with treads
mill scores) of the physiological responses to shorter tests of exerciss
tolerance, Although severnl pos=ibilities were explored, the Double ¥ork
Tast seemed the most promising during these prolimimary studies,

In thie test the subjfect was required to ascend und descend a 15-
inch sxercime platform at the rete of 30 times per minute. Evsry asub-
ject was yun am follows: Fiva minutas of resty 1 minute of work; 2
minutes of rest; 2 minutes of workp =nd then 10 mimutss of yecovery.

as, Four indieces of heart rate gnd blood
pressure wares sslected as the phyaiolngical responses to axercise to
be armlysed in theas stuilen:

"A" The sitting pre-exercise waluss,

*E" The average of the two readinge .lLiained in the mimutes fol-
lowing the first and second work perloeds, i.6., 2nd and 6th
wirntes,

FC" The difference between valuss used in "E" ssrved as a pessurs
of alope, .

*D* A measure of recovery, represented by the mean of rsadings
taken from the 2nd to the 5th minute aftor the second work
pericd,

The means and standard devistions of thoze indices szlong with thair
cgrrslntion with the maximal treadmill test score ars presented in Table
26.
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TABLZ 26
CIRCULATORY DATA - DOUBLE WORK TEST

Correlation with

Mensure Mezr, $.0, Ireadmill Score
Heart Hate: ‘ .
Imex AR -0137
" npn 102 ,1¥2 13.%3 -, 20N
" ngw 18,19 Tod2 - - 2500
" npn : 7.7 14,58 - 216»
2nd min. recovery T7.35 17.55 =293k
21md win, recovery -
resting HR N 13.83 14,26 - 270
Pulse Preosura: . .
Index "A" 422 9,46 o164
n ngr IN.Cf 16.93 ' 2174
" ton 17.20° 12,12 104 -
" npe 63.16 12,52 . =.033 o

*ittains the 5 per cent leval of slpnificanes.
#xAttains the 1 por cent -level of aignificance,

I3 will be noted that Indices 3 § 2rdi D, and 2nd win, recovery heart

are the only me&ggrﬁr which posdens significant reluntionship with the
preadmill gcore,

¢

M oy AT NI ) PMLAT L T IR TR - LAWY ) SOME AT A L RO L e RS T B - it

30These date are further emlyzed smd dissussed in the original report

by Craig Taylor, entitlea ftudies gjeel fiimess I; 1941. Qp, ¢lt.
{Referred to ir Fnotmote 5. ‘

This raport aino prozents deta which demonatrate the relationship
between respiretory avd. watsholie measwerzais and the tresdmill scora
and the corveletive “etwsen Lreathbrlilw: toste (Flarimates Blow) snd the
tresdmill socres, Rest sipnificant enog thesa data ave ti.e following
cerrolationa with trendmill perforasnces {s) Urcas meohazical efficiency
correlates 595 with the {readwill and i3 the only respirstory-metabolle
moe sure attaindmp sinuarlosnes %) A amller b (=.304) aas fourd for
the differsuce botrvan rastiaz and rascvory exygen consumptlon, (o)
Flarimoter Mlow 1T ({to Juct blrw taler Iolng the recovery perdicd fole
lowing a 19=-adnute yoo? prried) ceveslnbcd 90 with the treadeill
snere (N o 53), )
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3

RELATIONSHIP OF STANDARD "FITNESS® TESTE TO THE TREAMILL TEST

3

INTRODUCTION

As part of the sxploratory studies discussed in Appendix A, certain
of the standard teats being currently employed in the fleld as measures
of physizal {itnese were administercd to aa many of the anbjacis as were
avallable for the study and the relationship between these tests and tha
maximel treadmill test of exercise tolerance determined.’?

STANDARD FITHESS TESTS

The followling standard teets were administersd to various subjeota
gelected from the original group of 100 involved in the early syploratory
studlea on whom scorss om the maxiral treadmill test were svallable: ,

1. The Schnsider Indexd¥
The Mclurdy-Larson "Organle Efflcisney® Teatél
3, Cramplon Tasthd
ke The Halloy Twa-Yarishle Tentd3
5., The Stope Teatd
6. The Puiee Ratio Teaths

EE brief summary of some of tho pertinent iiterature relsiive to thoae
tests and other winor imvesti getiora invoiving these tests ere gi#en ir &

report by Dr. Cralg Taylor emtitled Studies in physicel fitreas I, 1941,
Op, cit. (Referred to in Footueta 5.

Msennsider, B, €. A cardiovssovler rating as & wessure of physicsd
fetigue end efficliency. J. Amer, Bed, 8ae. . 1920, 74, 1507-1510.
Sehnsider, B, C. rhysiolory sf yuae lar sebivity., 2nd Fd, Phlla-
delphiss R. B, Zaunders Co., 1341 .

41§c$ur&w, J. H., ané Larcon, L. A. Hoosvrsmente of organie efficlency
for ihe predlaotion Qf prhysical eomdition. Res, Ousrt, Zmer, Ass, Hesltih
end Phys, Fdve. Asa. (Supplement), 1935, &, 11. f
Lergor, L. A, & gtudy of thy valigi%y of some cardlovascular testa.

Jo o oxp, Blae o 1939, 7, 214220,
“3@?a3§§¢a§ G. W. 4 test of conditlion, Ked, Fewa, September 1905.

éﬁﬁcﬁioyk G. H. ZTests snd meeowrusents in health ard physical sdugs-
tion. CraTt, 19%2,

44Gse;  NeCurdy, J. 8o, &nd lovaen, L, A.  Op, cit. This test was
seornd aeanviing to their revisiong, :

.

A}?niilay ¥o. 8., and Dickinsern, H. ¥, . simplifiestion of the pulse-
ratlo teekndoue forraving physiesl efficiernoy and pressnt ¢ondit4on. Besg.
Suart, Awey. dse. HMenith emd Phva, Fdue., 1938, 9, 73-80.
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The relationohip betweon these stridsrd tésta and those of the meas-

w. uges on which the tests are based are rresented in Tabls 27, :

TABLE 27

O . p
RELATIONSHIP OF STANDARD TESTS TC T{% THEADMILL TEST

' ' r with

L ' Standayd Test Treadndll L

1. Schneider Index . 18 50

L 2. MeCuray-Larson Test - , L0621 32

£ . s, Sitting Diastolic 000 ' 100

AR b, . Standing Diastolle -.250 100 K
£s g, Length of Flarimeter Blow ‘ e
R ' after 20 Sec. exercise 082 ’ 32

d. Diff., between Normsl Stanc- ‘

3 ing Pulse and Pulsa Hate 2

¥in, after axerciss -,188 R

5 s, Standing Pulse Freasure .198 .98

5 f. 'Jit.al Cepacity/'ﬂody Surface 061 »

1,4 -

T3, cmmpton Test - ,086 50 .

: 4. The McCloy Test _ - .01 .50

i '5, Stone Test 146 50

‘ , 6. The Pulee Ratio Test - -, 231 50

e It will be noted that nome of the total test scores on the standard
: toaste correlate sigmificantly (at the 5 per cent level) with the treadmill .
N tegt, Although this does not prove tha superiority of the treadmill test
L as a measure of physical fitness it doss indleate nevsrtheleas that tie

“ standard tests are not geseseing the soms cardiowascular-respiratory that

K ¢ are baing measured by the treadmill test. These data seem also to Justify
: dropping further experimental work in wo far ess studying the ralntionahip

. batwm these tests and maximl treadmill performance.
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FIGURE 8. THE AXERCISE PLATFORM
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