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f ENERGY FLOW STUDIES - IN SOUTH . 'PACIFIC, POPULATIONS* 

Thomaas 1,' P616hAn 

It'sa pleasure toreport my-observations on energy; flows. amohg'
 
the ,inhabitants,-of-'the- South Pacific.. .:These obs~rvations grow out ,of<.i
 

the curious economics of international aikrtravel.. :Cncejyou.board. a-,-,, 
plane it rarely pays to get off. A few years ago I found myself doing
 

iesearch on the island of Mauritius, off the coast of East Africa. For
 

only424 more-than the return fare: to New'York, I discovered that one 

could&"crbss the entire Indian Oce6ai, span Austr'alia, 'and island-hop' 

ho me 0cross "he beautiful South Pacific. Two days were spent in Pago 

Pago, three in Tahiti. I also stopped for several hours* at the'Nandi 
airport, but it was too dark for close Observation of the natives, and 

again in Honolulu. As the latter is no longer non-industrial, I will 
confinemy remarks to Samoa' and Tahiti 

I will also, since this group is heavily charged with anthropologists,
 

attemrpt t st'orctire" my remarks along the lines customarily' followed in 

ethnJbgra ies:ifolklor sz'e, and the quest for 'food. 

Under folklore comes.dancing and the natives are much given to this. 
' hey shed their •normal raiment and don grass skirts.and Bikini l / tops . . 

They..then shake the skirts, flex their arms, hands, and fingers sugges,
tively, and smile... All this is very demanding. Reliable estimates of: 
the averag energy cost Are wantg, but it may well be of the order,of 

eclmnue osthe8the Kcal/m.nutee gfigure ereportedwat by Durnin and Passmore for Scottish 

country dancing. 

for theokshop'on nergy Flow, in Non-Industrial Societies:sponhsored by!the- Social Science'Research..Council,-: 30 January- l Febru, 
l.74, Carnegie .,aryj Endowment International Center, New ,York City. , 

lI.Ah atoll 'in, the; Mar'shall ,:Islands " 
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Profound indeed are the social, historical, and economic implica

tions. The shaking of the grass skirts involves considerable muscular 

dexterity and.wi UA time *thei pelvic tdscle ",become uncoionl1developed. 

That this enhanced their amatory capabilities was not lost on passing 

sailors: one consequence was 'ithatr it.took Captain Bligh two trips to 

get the breadfruit to Jamaica. Even today the natives quest little for 

food.,,,, of; course)-busi-It,is,offered by planeloads: of ,tired (Japanesej 


nessmen-, the3 occarional yacht sman, ,'
and! scholars' too -ancienttleap 


great waters. in. a- single bound.
 

-Less fleeting, has been nj work and thinking on energy flows In. 

other,less-developed areas, and it is to thesethat I now turn'. What,, 

I have to report draws heavily on. "The Economic Applications of Vital-

Rate Monitoring," a recent compendium of some of the. work we have beer 

doing at Cornell.(l). For the present this is still available gratis
 

from the university, but is scheduled for proper book publication later 

in the year. Titled Bio-economics:. Applications of Vital-Rate Moni-,,
 

toring to Developing Countries, it will then cost big money.
 

Summarized is the work of more than just one man. The i9.8.proje9t 

among Jamaican farmers was done by three students--Mike Schultheis, Dick 

Lockwood, and Ben Badjeck--working in close association with Miss Helen 

Fox and her associates in the Jamaican-scieitific Research Council. Our 

pY6ject in the Philippines in 1971 was-led by Weyland Beeghly and could 

not have'been carried out-without th6e close cooperation 'of teams from 

the 'Philippine Focd and Nutritidn>Research Center led' by Dr.' Carmen 

Intengan and Dr.--Patriade" Guzman and from the International Rice 

Research InstitVte directed by Dr. Randolph Barker. In what used to" 

be Ceylon, now Sri Lanka, Dr. E. S. G. H4ttiaratchi and" his associates 
in the Medical,Faculty of the University have been of great, help,,as 

'ihas the: group led byDr. B.. V.-, de 'Mel of,,the Medical'Research Institute 

of Ceylon. At Cornell Professor. R*.scot and Mr. Carl Czdrh'iecki' bf 

the Agricultural Engineering De1partment andi Professor R.," B. Thons of 
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the Anthropology Department have been unraillng.Ly nea.pru. dnc, last
 
,ut not least, our equipment reflects.ithe genius and friendship of'."
 

Heinz Wolff, of the Bioengineering Division of the Clinical Research.
 

'Centre in London., To the ignorant economist all have been kind .toa
 

fault.
 

I. bNNITORING DEVICES: PROBLEM- IMPRVEMENTS, MORE PROBLEM, 

The KM Respirometer
 

sequence of device6s for monitOring energy expenditure of free

ranging man is shown in Figure 1. Pictured in the photograph of the
 

"traditional" device (a): is the Kofranyi-Michaelis respirometer, the
 

standard field instrument for energy studies. It consists of a small
 

dry gas meter weighing about three kilograms, worn on the back and
 

attached to a face mask. The subject, doing his usual work, breathes
 

out through an expiratory valve, the expired air passing through the
 

meter. A device within'the meter directs a fraction of this air into
 

'
 a small rubber bladder. This air is then analyied, oxygen uptakedet 

mined, and related to energy expenditure: a Kcal of expended energy 

being the equivalent of about 200 milliliters of oxygen. 

The constraints to normal behavior imposed by such a device are
 

obvious. Connections to the subject make communication difficult and
 

its appearance may cause considerable embarrassment. The instrument'
 

bulk makes it awkward for the subject to do some activities, and the
 

weight affects energy expenditure during others. All these factors,
 

inevitably cause the individual to modify his behavior, resulting it
 

invalid energy readings.
 

Some of these problems can be minimized by use of the KM-diary
 

technique with which the work of Doctors Passmore and Durnin is most
 

.commonly associated. A continuous activity record is maintained by t
 

subject or an observer during the study period. The oxygen consumpti
 

of principle activities is determined with the respirometer at a sepa
 

.,rate. time. The,en.ergy expended for each . ctvity.s then cal culated, 

http:unraillng.Ly


FIGURE 1. EVOLUTION OF MONITORING DEVICES USED FOR DETERMINING 
RMRNrY EXPENDITURE OF FREE-RANGING MAN* 

£. Respiration calorimetry with b. Monitoring of heart rate with 

the. KM respirometer radio biotelemetry 

c. A SAMI for monitoring total d. The SATR system for systematic 

heart beats in three rate ranges sampling of heart rate: signal 
conditioner on right and miniature
 
cassette recorder on left.
 

*Photography: N. R. Scott, C. Czarniecki and T. T. Poleman; Equipment 

display: L. Bein;Chhperon: L.. Morse. 



multiplying the per minute caloric cost of the activityby thenuer
 

orngnuts isent.,doingt.#t Total,,energyfexpenditur for the period can
 

be found iby ,suimingjthe expenditure .for .he ,.various activitiea. :
 

Bit thi't It necessarily groupsallthi,approach'lsd has problems, 


dti~i~edinto 'afew categorie's, (e.g., sitting, standing, walking),
 

thus' g6sslng over ,the variati,1 6daily life.
of Furthermore, there may 

,,becircumqtances under which a diary observer is unable.to keep accurate 

.recods,,and to.:depend on the subject ,is always risky and sometimesi 

impossible. In sum, the device is best suited for applications where
 

fthe ,workis homogeneous and,where.it is .possible to obtain meticulously
 

accuratetime span recording. Such conditions probably are not charac

.teristic,of pre-industrial societies..
 

r 'Because of these, roblems with the traditional methodology.and equip

'mint, w1ork physi6logists-welcomed the discovery that there exists what
 

appeared to be a linear relationship between a.personts cardiac output
 

.and his oxygen uptake over-much.,of his rangeof activity. +Such a rela

tionshipmakes,intuitive sense: if it is the circulatory system that
 

supplies oxygen to the body, then the increased, oxygen demanded. by exer

-.
tion can be,supplied only by a greater flow of blood., The problem then,
 

:or so it seemed, resolved itself to .establishing.the link between heart
 

.rate and oxygen uptake that applied to each individual--a process we
 

have come to call "calibration"--and then finding a means for monitorin
 

his heart'rate while he went about his regular activities.
 

r 'interest in'energy expenditure began in 1968 and grew out of an 

..interestiin .quantifyingthe calorie requirements ofhumah populations. 

,After due.allowance is made.for.body size,and.age/sex, the principal 

,determinant of calorie needs is activity patterns and little informatioi 

I, 


of,.such patterns exists for those societies in which food problems are
 

thought to exist., At about this time there first,became commercially
 

available miniature, yet reasonably long range, biotelemetry systems.

Around one such system was organize. in Jamaicaduring the'summer of
 

.968 a co6perative inquiry into ener .expenditu'e( pittezns of small

holding farmers.
 

http:unable.to


" Vd"•'data tato 1J!ations'nd-trarisniitting ito'6 

recorded, ;Transmission can be byyire, ad± mic.rowave, 

4p.calJ.f. or pneumatic ieans; i, .practice though. biotelemetryjas come 

,radio transmis s ion zsince -it. maximizes freedom of-m6vement .,to mean 

Th basic components 'of a radio6 biotelemetryare i-llustrated
 

'
ii igure 2." Transducers convert'th'e biologica 'iiformation into dn 

eIectric 'signal for transmissi6n. The'requiremeflof the 'isna) condi

tioning will depend on'the type"of transducer and the type of signal, 

but may involve "mplificationandfiltering before,thesignal'is suitable
 

'm a
n y be
for transmission. In other systeii'i 'theblocks sh"vri in Figure 2 

combined-orjieliminated ;.,Heart -rate telemetry, for ,example, is relatively 

simple.:' the -electrodes.:serve as .transducers-and filtering is performed 

at.the,receiving end., 

air 6hconditioned
 
' "TO'tr&nsmit'the transducer'inform'tion through the 

,signalis applied oa radio carrier*of high frequency; Eith~r the F 
or:M frequeny band may be used; bit FM transmission is custmary" Advan

tagesof FM compared to AMliare-' greater signal ntise"ratio, 16wer trans
. 

I 

miision power for a given-tranmission strength,'and,.because variations
 

..
n '.ciiai
amplitude' are~~; electrode positioning' is easier.
 n gna. aii-pliti"de are no c 


The great advantage of radio biotelemetry, of course, is that the
 

relatively.
subject is relatively free to move about. Stress the:word 


' 
 .i
As"May'be seen in Figure'Ib-"-or Setter still in Figa ; shbt in Jamaica-
theemetry-transmitter is n6t without dis'advaAtages. If t"ansmission
 

isto exceed a few dozen meters it'-is necessary to,-use-a 'ratherl"ong and
 

an impediment to normal behavior
'conspiciious antenna. Though muCh le's 


"thar'A the respirometer,-it may nevertheless inhibit movement in'performing
 

some~task 'and .its conspicuousness is not conducive t relaxed bhvior.
 
-'dii d'i e t i '' i i i r 

iIe"i a -

Additional limitations of biotelemetry to studies of free-ranging
 

man are the constraints to distance and terrain-it imposes, and the
 

necessity for fairly complex receiving," storage,'and retrieval equipment
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FIOURE 2. BASIC BLOCK:DIAGRAM OF.-RADIO BIOTELEW=TR SYSTEM.
 

TRANSDUC.ER- STORAGE/DISPLA
II/!' 
 -Displays 

-- Electrical Signa Recorders 

SIGNAL 
CONDITIONER SIGNAL 

-Amplifi cation CONDITIONER 
-Filtering -Discrimination 

i-Filtering 

RADIO 
W "'r"RECEIVER 

iTRcANSM ITTER . RE Cradio 

raicblocka diag'ra'm of,,adio biotelemetrv svstam 

http:TRANSDUC.ER


~IGiR' I (..f ) PI]5TIGNAL~ 

CALORIME'TRY: TE~K 

REPOREER' 

,,.r~iuRE 

MONITOING RAT HT 


WITH I4-... 4



Maximum transmission distance,'with the cigarette-packet sized traheinitter 
- ldis'ed- ihJamaib is-bf"the 'orderb o fi5 OO.erst 1i.rne.of sight. FM 

"tr.Lsmi-ions"ndonbt*bend; ,'JUst 'as Houston' has cnfo, :ontact with, astronautsi 


Whend-'the. mbon 'is',between' then "and te earth, so we:lost frmers:.whenever
 
they' went' into ,adraw, behind a' hill, or into their, house... Furthermore,
 
the transmitter- contains; no mechanism to distinguish electrical impulse.E 
Srelated to, cardiac activity from ,those associated with othe muscular
 
movement..,We,found,ourselves,counting footsteps nd machete strokes 

.among. our heart beats,,not to mentipn.:t q,mammary.shiftings of our more 
bcom. cooperators. (This came to,be known as "the cleavage problem"; 
volunteers to remedy it were legion.)
 

:Because biotelemetry makes it possible,to monitor physiological
 
unctons continuously,,it.has tremendously expanded our powers of
 

etailed dr.ta. acquisition.,: However, this creates.a need for suitable
 

,data processing instrumentation--instrumentation whose soLe. function can 
,x,some instances be to reduce .amass of instantaneous parameters to 

,manageable amalgams or samples. Such is the case with.energy studies 
where the data sought are not, individual heart beats, but averages,over 

a period,or samples. 

:-The absence' of -equipment, to provide such manipulations in 1968 and 
the Igrdat expense that would-have been involved in its 'creation.oblige,
 
,us.to make them'manually.. 'AsPh.D.candidates flatly-refuse,to sit up...
 
"all':-night counting heart beats from a strip chart recorder,and.even.M.S.
 
:students grow restive, this 'proved the straw that broke the.camdl's back
 

and we -were'forced:to abandon biotelemetry: in favor 'ofSAMI instruments.
 
'These sacrifi'e'the detail-of data for the integral of-the measurements-.
 

e.g.,pthe amount over a'period 'of 'time--and in.so.:doing overcome many.,
 
'6tthe 'limitations.of biot'elemetry.
 

http:1i.rne.of


SSAMI stands: for. 8QciallyJAcceptable,.,Moitoring Instrueni and:!n 

,comparlson to, biotelemetry,-with, its antenna, itE is indeed: , iaPCy 

,,acceptable"for energy.studies (Figure ic; and Figures 5,.8). 2j:;The.devices 

;are,small .andlight enough to fit into a shirt:.pocket and.: require,a mini

.!mum ofatt.ention from both the wearer and,the investigator.: !,),Ii 

>''"What makes SAMI run is the E-cell, a tiny electrochemical devie
 

'which serves as the integrating componeit. +It is housed id 6' smali
 

t' acfuse and s apable of intgrating
bartriige (Figure 7)" similar 
any that 'can be' repte6ented bi a c1irent.' Existing.A.s 

integrate temperature or heart rate.". . 

The E-cell'i's 'best thou'ght "of as a miniature electroplating machine 

composed of two 'electrodeswith an electrolyte between them (Fige 9). 

,e6ectiode6isored''y the' silver 'cup '6nt'aining the 'electrolyte, 

the otbtr' 1by ao6ld-latedrod mounted concen1,rically inside the 'cup and
 

ny "silver on the E-cell 's
insulated Trom it. Before use in'a iSJ., 


center electrode is first"transferred -to the case by inserting the"cell
 

n' o a smal', Inexpensiverepay machin'd and passing a current through
 

it. During recording a current related to heart rate'or temperature is 

Side to flow through the .cell,,in .such a direction that silver is plated 

gold electrode ..According to,Faraday's first law of,electrolysisiontoi the .-

the; quantity of :silver,: that is,transferred .is ;proportional to.the :current
 

flow.,, .For the heart rate SAI, the'"signal, conditioning circuitry is 

ddsigned,so that each:heart beat produces ,a,'standard-size'pulse'of current 

owhich'is fed intotthe E-cell+. .The.silver that :is 1plated +on the center
 

electrode .remains at 'the final ,amount until' the E-cel1. is ;eplayed'in 

thex.eplay m.chine.- During -replay, a current is.,passedjthrough ,the cell
 

to cause the silver to be replated4.,ontoicthe case. ,;.Thereplay.machine
 

measures the amount of silver transferred, which in turn may be related
 

to the average heart rate over the period by the current charge into the 

E-cell per heart beat. 



FIGURE 5. (above) 

ATTACHING AM ELEC-

TReDES TO A FILIPINO 

FARMER 

FIGURE,6 let 

TESTIG, THE PLACEMEN~T 

FOR R-WAVE AMPLITUDE 

AND ELECTRCDE IMPEDANCE, 



FIGURE 7. INSERTION OF E-CELLS PRIOR TO MONITORING 



FIGURE 8. POCKETING THE SAMI
 



'FIGURE9. 	 DIAGRAMATIC SKETCH OF THE E-CELL AD
 
THE ENCAPSULATED ASSEMBLY
 

electrod.(gold) 

s ,- .- electrolyte 

(tsilver salt) 

0.2 

El-- ve r cup' 	 -Fsil 	 . 

0.64" , 

E-cell Cartridge- assemlly 

From! 1, p. 	27. 



d,:-,Because the linkage between heart rate and oxygen uptake obtains 
onlyiover the mid portion of the activity range, energy expenditure,
 

work'ith the SAMI had to await development of a multi-cell unit. These
 

became available in a -form suitable for field work in early 1971 and 

arouh&d:15 such units was organized later'ln the year a major investig 

tion"I at-the International Rice ResearchInstitute in the Philip ines.
 
~J
 

i:The results were mixed. The ,three E-ceil I proved highly socially:
 

aceptable. Subjects were accurately monitored with it for prolonged
 

periods and went about their activities withbut physical or psycological
 

impairment to normal behavior,. However, reliable predictions ofi energy
 

expenditure did not in all instances follow, Instead a number of limi

tations to the notion of simple prediction of energy output fr6n appli
 

catlon ,of heart rate to an individual's hear rate/oxygen calibrXation
 
slope ere revealed. 

. ' 1,.1 

S.".Te oxygen/heart/rate relationship and lihat; the three E-ell SANI 

monitors is illustrated in Figure 10. Though an: oviersimplification, it 

indiates that oxygen consumption does not mfV' ith heart rate in the
 

rei'o6n of resting metabolic rate. Similarly') the relationship breaks'
 

'downin the upper region where at some point!an !'oxygen debt'', y be 

expeted to occur. The two thresholds are a4justable and by 'dving them 

up or down as needed for each individual it is theoretically possible 
to i olatethe beats occuring in these extreme rrte ranges fronfthose
 

recorded in the area where linearity obtains. The nature of the, linear
 

linkhge--the "slope!, as we-call it--is-determined for each individual 

by inultaneously monitoring heart rate and oxygen uptake at fdi-r levels 

of exeicise on a bicycle ergometer (Figure 11). 

Iln the Philippine study we selected ten beats above restin heart 

rate as the likely point at which the linear linkage would set in--an 

apprximation .ofthe point related to the,.onset of.'motor activities. 

The upper threshold, ih practice of little consequence, was uniformly 

set at 140 beatsper iminute. 



FIGURE iC. :2SIMPIzII HEART RATE-OXYGEII RElTIONS= INlDICATIING, REGIONS 
RECORDED BY-CEACH .E-CELL , 
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FIGURE 11. CALIBRATION OF A PARTICIPANT IN THE
 
PHILIPPINES PROJECT
 



The problems we encountered in our attempts to measure energy 
expeniture with the three E-cell SAMI fell under three headings: 

1 Mechanical difficulties with the monitoring instruments. 
2-, Determining valid resting rAtes for aDDroDriate thresholdl 

adjustment. 
3. 	 Shifts in the heart edte/oxygen linkage associated with , hanges' 

in environmental teiper~ture and work dUration. 
The last mentioned caused the greatest Droblems and is the least amenblAe 

,to simple solution. 

One should always expect bugs to appear in new equipment and whether 
we had more or less than .our ishare is unclear. But bugs we had. Part-1 
cularly troublesome were the potentiometers which were adjusted daily 
to change thresholds. 
Despite the efforts of the manufacturers in 
-England and the technicians of the Rice Research Institute, about a 
Sthird of our 15 SAAIs were invariably on the sick list. 

'Withrespect to the second problem, difficulties in obtaining reliable
 
resting heart rate,! went far toward invalidating the heart beats recorded 
in the three rate. ranges for-which the. SAMIs were adjusted. 

., It' is becoming common knowledge among doctors, physiolegists, and 
,other specialists that there is no such thing as the resting heart rate, 
for a particularindividual. Resting rate fluctuates fromday.to day 
and within the day depending on the l and.nature)nh of the previous 

night's sleep, psychic stress, fatigue, and a host of other variables. 
Generally, resting rate tends to be lowest toward the end of sleep,
 

gradually increasing through the day. 
But despite this variation, there
 
is a rather narrow band of readings for each individua3 which can properly
 

be considered the true resting rate.
 

Determining this rate is not easy, particularly among tropical
 
farmers. Such people are active very early in the day, and it must be
 
considered an imposition to ask them to sit quietly for an extended
 
period so the heart rate can fall to a resting level. There is, in fact.
 

http:fromday.to
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considerable evidence that even such physical quiescence will not satis
factorily reduce heart rate. 
The excitement generated by visitors to
 
the barrio, the demands of small children and animals, and the general
 
anxiety caused by actually taking the pulse all conspire to give abnormal 
readings. 
These readings were translated into inappropriate threshold
 
adjustments and resulted, in more instances than I like to recall, in 
E-ceJl readings which made no sense.
 

,The SAMI has recently been modified to lessen dependence'on an
 
accurate resting rate. As illustrated in Figure 12, the SAMI modified
 
to the Gerrow specifications has the "A".cell collect all beats as before
 
but alters the responsibility of the "F": and "M" cells. "F"*collects
 
all beats above the lower threshold (adjustable from 70 to 120 beats),
 
while 'IM", acting as a timer, monitors the total minutes in this range.
 
In this way we can know (rather than derive) the actual minutes spent
 
in the slow range and the linear range as well as the number of heart
 
beats in each. 
Thus the average rates in the linear and sub-linear
 
cells can be computed with precision. In 
 the process the upper threshold 
is eliminated; this is hardly a significant loss.
 

'This improvement in the capabilitie' of the SAMI does not, however,
 
enable us to come to grips with the principal difficulty we encountered:
 
a shifting in the linkage between heart rate and oxygen uptake with
 
changes in environmental temperature and work duration.
 

Whereas calibration was performed in an air-conditioned, dehumdi
fied,room with liberal rest periods, the tropical farmer's day-to-day
 
existence depends upon his willingness to work under a hot sun, often
 
for fairly long stretches of time. 
Research indicates that the heat
 
load!imposed by a warm environment and extended exertion willincrease
 
heart,rate faster than oxygen consumption, altering the relationship
 
established under less trying conditions (2, p.-277). 
The effect can
 
be seen in Figure 13, taken from a study by LeBlanc among military
 
personnel. 
Here we observe that heart rate rises slowly with increasing
 

temperature. That the calibration slopes themselves shift was demon
strated by Winterhalder and Poleman among U. S. Army reservists in
 



FIGURE'22., SIMPLIFIEDREGICKS RECORDED HEAR ATEI--OXYGEN RELATIONSHIP INDICAfINGBY EACH E-CELL: .-GAMROW MODIFIED SAMI>? 
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FIGURE 13. EFFECT OF AMBIENT TEMPERATURE AND PROLONGED
 
EXERTION ON HEART PATE (Subjects exercising at 

differenit rateu nas.~n1P~afr) 
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May 1972 • ven,more:.daman of prolonged exe
tion. At moderately high levels of exercise the heart rate increases
 

sharply after 20 minutes, becoming more and more estranged from the cali

brated relationship.
 

If heart rate is to yield meaningful predictions,'of energy exendi

ture other than under laboratory conditions,: in -, more must
other. words, 
be taken into account. A time dimension,ipneeded,.as-are data on!heat
 

.andperhaps other parameters.
 

Happily an alternative to biotelemetry for collecting this soi't of
 
detailed .physiological information has become available within the last
 

few months. Also developed by Heinz Wolff and his associates at Britain's
 
Clinical Research Centre, this newest member of the SANI family is~desig

nated the SATR. A'Socially Acceptable Tape Recorder! (Figure ld.)
 

SATR
 

In fact two multi-input miniature tape recorders have recently been.,
 
created at CRC: one designated the IMEDILOG by its inventor, Dr, F. P
 
Stott, which like biotelemetry monitors 'continuously and which was,
 
designed wihthe4needs.of,the 4cardiologist chiefly inmind; and the
 
SATR, whose time dimension is the systematic sample and whose'applice
 

tions lie more with the physiologist and the social sciet'ist;


The SATR is actually a SACR, since recording is made onTo, a minia
ture Philips cassette; but whoever heard of a SACR pursuing nubile 'nymphs
 
through the forest? 
Inputs exist for three data tracks and a time icontrol
 
rik---With time sharing each data track between two inputs, a six-channel 
capability is possible.
 

•By.sampling each input for 100 milli ecohds at -one-minute intervals,
 
it-is -possible,to.record -about"36 hours of-data-on'the"-15-minute. cassette.
 
the timing mechanism isboth intriguing and simple. An ordinary watch
 
mechanism is used to trigger a bistable flip-flop to turn on the electrical
 

drive-motor. Once a minute the second hand interrupts a light beam which
 

is,focused on a,phoocell end this triggers.thejbistable,°circuit. Power 

comes from'&i 8. volt m rctiry.'e1l. 
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During this period, the mercury cell also powers the signal condi

tioning circuits. The signals from the conditioning unit are analog 

voltages somewherebetween O and 1.5 volt. When the tape starts moving, 

s iare-wave ocilliator generates 1-millisecond pulses. These pulses
a 

go directly through three parallel gates to the three data tracks on
 

and through a fourth output into a staircase generator, which
the tape, 

effectively integrates them in 15-millivolt steps. Thus, this generator
 

of 0-1.5 volts into 100 steps. While a gate isdivides the analog range 

open, oscillator pulses are recorded on the tape until the gate is closed 

by the staircase generator output reaching the analog input signal level. 

on the tape is proportional to the inputTherefore the number of pulses 

signal level.
 

During the first 50 pulses, the staircase generator is building up 

to the level at which the gates open. Thereafter, it feeds three parallel 

A gate closes when
comparators, which are also fed by the analog signals. 


the accuracy of the analog-toits comparator gives an output. Thus, 

mv or 1% of full scale, plus perhaps anotherdigital conversion is - 15 

1% lost in measuring tolerances. 

The SATR replay unit can produce either analog tracings, punched 

paper tape, or digital incremental tape. The first (Figure i) is Ideal 

for visual analysis and graphic presentation, while the punched tape is
 

appropriate'for direct computer analysis.
 

Because of its multiple inputs and time-discrete monitoring capabi

lities, the SATR holds promise of shortly permitting us to determine the 

energy expenditure of free-ranging man. Trials carried out in the spring 

and summer of 1972, respectively among soldiers at Fort Sam Houston and 

grass cutters on a dairy farm in Ceylon, suggest that simultaneous moni

toring of heart rate, skin temperature, and ambient temperature may
 

"deflate" for those heart beats unassociated with energy
permit us to 

expenditure.?/ 

qthero i. tp;will, shortly be available for:, ventilation volume, 

popture. (18 m/ariatipa, and'rg~ content, of expir'e!d.A, 



FIGURE .14A SATE ANALOG TRACING OF A DAY IN THE LIFE 
OF A COELL STUDENT 
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Indeed6 tby' .combining theadyaintagesrofi'the ESce.-1!,SAMI with the 

continuous or sampling features of biotelemetry, the SATR opens up 
possibiitles for a number of research applications, and it.is' to these 

that we turn. In presenting them I will speak as an economist and as 

an economs inerited iii-thei leis-evilope countr e s 

1-.. "'ECONOMIC,-APPLICATIONS OF VITAL-RATE MONITORING 

The-principalr applications-we'have considered are. summarized in
 
Figue '15 and falfundaer two headings':'- food and, eipipoYm nt', '
 .. 

Food Area 

X1 "'Dhave,'already:, noted! that .1 was first .led to vital rate-monitoring 

bf a ,esre 6-qua'ti'thfyte calorie requxrements of human p'opuations. 

This seemed a reasonable aim: in 1968.- Food, was thought: to be in short 
supply in many of the developing countries, and for food policy planning
 
to proceed logically quantification of needs as well as. availabilities
 

seemed in order.
 

-Iess--a'priority,.target.. 'The 

the scientific method to focd-production 'in the LDCs has caubed a dramatic 

shift in the hature 'of 'the problems they 'face. M6st 'observers now per

ceive that applied technology in agriculture has :only scratched the sur

face, that, given reasonably honest and effective governmental admini

stration, production almost everywhere can keep, well-, ahead of (declining) 

J:,K 6,ay-thi's ais irnited application of 

rates of population growtb; that whatever individual food prrblems which
 

may persist will be best interpreted in terms of employment or income; 
'and that it lis to qu'estions of emDlaovment and fncome that research should 

-be focused.vr. 

Yet 'this, does. not, mean -that quantification -of-calorie requirements 
should be discarded as a research objective. It can begt 'as' a by-product 

in employment studies, and human foodneeds remain, of :more ,than Ju4st 

intrinsic interest.
 

3J. Let .he ;who' :doesn!,t.believei. e 

http:focused.vr


~ztW V AIGUR715i 'APPLICATIONS, OF VITAL RMV1M6NIT0RGf 

lnfoode froeaEh 
___frrdr_(Clrietak'en as measure of enrg 	 he_ rt 

1. 	 Nattc;,al or individual calorie needs. 
0rigialresearch~ aim, but? now .by-productof. other 6bJectives. Assumes 

activity not restricted by shortfall in food intake, a not unreasonable
 
"'.Y2absumption.e -Perhaps most relevant to "developed countried; here problem 

is of pverfeeding and .underactivity.,, But may. stillbeusef, in LDCs 
--see Figure a1e. 

-2. 	Economic cost of undernourishment.
 

. Applctih'.limited: for undernourishmeht: to have' cost, to society 
fulI employment must .be assumed; with full. employment; there. is, rarely 

. a food problem. Usefulness probably confined to measuring impact on 
- -effort,ofifood,intervention programs.

"Enpl'oyment Area 

(Calorie--or percent increase over resting rate--taken a's common dnomi

na-tor of the factor-of production labor,, with time inferred ,according to
 
local mar-day customs; inferre from heartrtT
 

1., 	 Quantification of existing patterns of human activity. 

Using SATR ad diary: 

a. Determination of local mandav norms.
 
... Wrk/lelisure'.trade-off.
 

2. 	Evaluation of effect on employment of alternative investmen strategies. 

S.a,.,a...., .Efecton factor input of changed ,econor. ..ironment, presumed 
to enhance output. 
b. Determination of relative factor inputs associated wLth alterna
tive means of accomplishing same task: to be employed in budgeting 
eexercises' aimed at enhkrcing factor input,. 'outpt i'and ameliorating 
bottlenecks..,, 

Treatng :symptoms of unenploynent..;4,, 

Psychological cost of.alternative activity situations may be suggested
 
by simuLtaneous monitoring of several physiological-.parameters. 

3 



'.This is particularly true in the urbanized, developed countries of 

the West. Here major problems loom from overfeeding and underativity.
 

Inspect first your waistline, then Figure 14." For the young man moni

(tored therein motor activities--those which involved him moving about-

are related to a heart rate in excess of about 83 beats per minute. The 

tape:suggests that such activities were engaged in during only about 200 

of the day's 1440 minutes. One suspects many other urban dwellers find 

,their lives equally untaxing physically, and it does not strain the 

imagination to conceive of artificial stressing being consciously intro. 

iduced to prevent premature heart problems becoming endemic. In the mean. 

while it is well to recognize the problem and forego that extra Martini
 

-
!or cupcake. " Where lies the economics? I suspect with the planners of 

iinexi,,roundiof offices, factories, and life styles.5/ 

But if the principal "food" applications of vital-rate monitoring
 

iare in the advanced countries, it does not follow that there are no longi
 

uses in the LDCs. Consider Figure 16--an uncommonly detailed and reliab:
 

'indication of the effect income has on the dietary of the people of a 

relatively poor country. The usual experience and expectation is for 

substantial changes in diet quality to take place as one becomes wealthio 

fewer cereals and other starches are customarily eaten, their place bein 

taken by greater quantities and more preferred types of meat, vegetables 

milk, eggs, and the like. In Ceylon this tendency is observable among 

only the four uppermost income classes (20 percent of the population)
 

iandthen only weakly so. Between the lowest class (43 percent of*the
 

,people).andthe next lowest (37 percent) the sole change'is quantitative
 

',Bitiieen,the' classes there is-P.difference in apparen~t per,capita daily

,ailabilities of 200 calories, but none in diet composition. 

. What does this mean? Because per capita calorie needs in Ceylon 

;are reckoned to be of the order of 2100 calories per'da I it could mean 

'either of two things. The 200-calorie gap could be interpreted as implyin 

4/ Calorie-wise the two are interchangeable: nutrition pretends to 
scence not,art. 

/ This problem, and possible solutions, was first discussed by
 
Professor R. Passmore in a prophetic report to FAO (4).
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1',*e0rced'iedXdcid& ctiVity a onogl,'t1]oor'and/(r ctial pbhsical.Odeteriora

)°*ion'. -Alt einatively, itfcou2d ebhiterpretedfes reflectiig ',less ,,To6d 

\ astage-"among ,the'popr ,'or perhaps--if', ,asi is the case with so many 'in 
Ceyon vtbey, are not employed--lower. calorie needs growing out of iess 

iadtive -lives".", A ,study of enerv ,exenditure, c€ould tell us which is"%the 

correct interpretation.-


L0e other' "food" application of vital-rate' monitoring in the devel
'opind world warrants mentibningi 'I have included the -"economic cost of 

'undernourishment" in ,Figure :15 'jbecause several friends- in FAO' s Nutrition 
:Division have suggested or 4sked -.about, it. The argument in its support 

is i'essentially a variation of the.,"hunger-breeds-hunger". line of reasoning 

enunciated in 1946 by FAO in its'.World;Food Survey (6): that is; of inade

quate diets causing poor physiques and lowering potential energy output 

t0 ,such a point that people are physically unable to produce more food. 

.Because the pre-harvest hunger phenomenon of the sub-Saharan savannah 

1comes ,when people should be harvesting--runs the line--they don't harvest, 

,.thereby depriving themselves and society.
 

J .'..There,'are a number-of reasons why.I find this reasoning fallacious,
 

bilf",rthe literature on pre-harvest hunger aside,: for undeinurishment to
 

have a cost to society a full employment situation 'must be assumed. And
 

'with full employment, food problems are rare.
 

S. mote valid extension of this; "nutrition determinism" typep.of -reason-

Inglwould be to attempt to measure the impact of food, supplementation
 
£schidmes'on 6nergy output. Such schemes are-called for in LDCs when-.people
 

'find themselves in employment situations to which traditional'eating 

Ihabitsithave not yet accomm6dated,. But it is que'stionable whether energy 

,'ootput',wouAd better reflect the benefits of, Say, a hot lunch scheme in 

a factory canteen than would the increase in the volume.06f -roduction.
 

Employment Area 

C.r" pnthe food area, applications of vital-rate.,monitoring, require con

.iderable, manipulation, of the physiological, parameters before,a meaningful 

statistic--the calorie--emerges. This need not be the case in employment 
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,tudis'.i The ca,!orie - nxell;rbp ctakqnas. the measurej,,of inputsfithe 

ftator-of --production labori ' '",.BUtithere is'no. reason wy,-At, need .be ithe 

only one;" My %.tasks,-are-ore .exhausting ,emotionally,', than, physically. 

-For'them thei.labor :input ,might better be .reflected -by-total, heartbeats-

Mhethfer.caused by emotion, ,eXertion, ,fatigue, or:heat. stresE(4-related, 

so individual variations could be smoothed over, to -sleeping rate.:,, 

- . .Here is an .area where we have to be innovative.:" We are dealing witb 

a.-new:data source and there is no reason why we need-hamstring it with 

:measurement a .or rcommon denominators of -the past. Empirical economics 

builds on, the gettable, .and the more readily gettable the Jbetter' .Why 

try to count "the number of glasses of milk consumed daily. in New York 

City if an indication- of the same can be,derived from marketings?.
 

'The severa' applications of vital-rate monitoring to 6e4ilyment 
their point of departire theassumpstud1es listed in Figure 15take as 

that providing jobs for growing populations will be the chiefp roblE 

fcing LDCs in the -decades' ahead and that considerable scope" for employ

ment generation lies within the agricultural sector. The validity of 

,thei-second:assumption.'is less certain than the.first rand we will return 

:to, it Still an examination .of the .impact on employment of technical 

change ,within,agriculture ,!is clearly, desirble.. -

Traditional tools fi'doing ti are few, and understandingly so. 

Researqh in;,the,4field of farm management has: aimed not -at maxi izing the 

::factors: ofproduction but the returns,:to-them. To have done otherwse 

iwould have been, quite silly until-,;eve ry-recently. Y ginethe:reac. 

tion in: New iYork State to research; designed,tq maximize -th.,number! o 

,people milking cows. Only within the .past-few years, has the need: existec 

for~:imposing full-employment. constraints in -the,formulati.n.. of.! agricul

:-,tural, planning models, 

In part-for this reason our knowledge of the precise inputs of laboi
 

associated with various agricultural tasks is minimal'. Pdrt"6iigno 

from the difficlties associted with the traditionalane-a ls6o stems 
melhods quan aorbr- - Bechuse- of troblems do oncepttalization 



as wellJ4 'sUremente°.. c ul t u r e specific man-day norms--this has 

typically in the LDCs involved, use of the time-motion technique. This 

techniqiie is quite appropriate td industry, but not to agriculture. In 

effect the invetigator has to spend virtually afl his time with a handful 

of subjects throughout the agricultural cycle--a very expensive and time

consuming operation if a' statistically meaningful sample is to be surveyed. 

The upshot is that our understanding of the inputs into even paddy pro

duction is deficient.
 

The approach to labor quantification followed in our Philippine
 

study, proposed for others, is essentially two-pronged," An apprecia

tion of the labor inputs associated with existing agricultural systems
 

is got from monitoring a number of farmers throughout the agricultural
 

cycle. Had we not confronted the problems that resulted from heat and
 

emerged would have been pictures of
durational stress, what would have 


the labor inputs associated with four agricultural systems similar to
 

-
that illustrated in Figure 17 for New Guinea yam gardening. 6 Immediately 

identifiable would be any points at which labor constrained the size of 

increaseoperation--where introduction of a labor-saving device might 

and some idea of the
employment--and an appreciation of local work norms 


extent of unemployment and underemployment.
 

The other "prong" of our approach seeks to build up the kind of 

data needed *0 predict the effect on employment of alternative investment 

strategies. Here our aim is to derive--from small though, because use 

of the calorie or physiological common denominators allows us to tide 

over problems of individual variations, statistically meaningful samples-

the labor costs associated with alternative means of performing the same
 

"task. From a backlog of such data budgeting exercises could be initiated 

,hich could aim at enhanced factor input as well as output. Examples of 

i"the types of comparisons which were attempte-i in the Philippines are 

'given in Figure 18. 

The data in Figure 17 are in part hypothesized. The research 
on which they draw used respirometer-4yqe, devices for estimating energy 
expendit~ure '..... 



KTGURE 1 MIP 3 INT() YAM GME.- l ! -'-IS..
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'FIGURE 18* 'iERGY NEASUREbIENT TARGETS FOR' 
.',SPECIFTED TARTR' TN. RTrVI PPOI)TTMTfN 

Task Operation Alternatives ' Data to be Measured
 

Plowing 	 1. Tractor Cal./hectare
 
20 Carabao
 

Harrowing_ 
 1. Tractor 	 Cal./ha. 
2. Carabao
 

lating 1. Manual transplanting (dapog) cal./ha. 
2. IRRI rm seeder
 

' * 3. :Broadcast seeding
 

Weedifng 1. Manual C&I./hao
S 2.; .Hand. rotary 

3. Power rotary
 
4. Herbicide
 

Harvesting l.'Sickle Cal./ha. 
2 'Hand drop manual harvester rv 

threshing' 	 ,1.' Manual 
 Cal./ton rice
 
2. Hampasan (frame)

31. Pedal thresher 
A. IRRI table 	thresher 

Winnowing , 	 .. Manual 	 -Cal./ton cleaned
J- ... .2. 
Native winnower
 
", 3. IRRI hand winnower
 



Though studies aimed at deriving factors for labor-use budgeting 

should be pressed with priority in the LDCs, it would be a mistake to 

expect them to reveal easy solutions to the unemployment dilemma. A few 

paragraphs back I expressed reservations about the .scope for employment 

generation in agriculture.., Mobst of.the.components: of the Green Revolu
tion, after all, are capital-, not labor-, demanding. And economic
 

progress has historically been associated with a decline,-not a rise,
 

in,,the absolute and relative importance of agriculture as an empioyer. 

oupled with the well-known difficulties of creating"an ihdustrial 

sector that is anything but capital intensive in economies which are open 

to international competition, this means we had best begin to think in 

terms of treating the symptoms, as well as the causes, of unemployment. 

Were I asked what the greatest social adjustment the LDCs were going to 

experienc6 in 'the decades ahead, I would unhesitatingly answer: "Making 

do with nothing to do." While the quality of life in these countries 

will doubtless significantly improve on the average over the years, barring 

political upheaval, I do not see how rising numbers of welfare recipients
 

can be avoided.
 

How cqn this be made most palatable? The Protestant Ethic of the 

Wist" associated with 2002years of economic dynamism where the opportu

nities .existed, has work as its own reward. Would one imbued with this 

code respond to a life of forced economic idleness in the same way as 

would, say, an unemployed Ceylonese whose Buddhist culture draws on 2000 

years of semi-stagnation and the constraints to individual freedom imposed 

.b-paddy rice'cultivation? The evidence conflicts. 'It is difficult to 

conceive of the umemployment rates which characterize Ceylon being toler

•ated" in the West. Butwhen.n'the spring of-1971 they rose-in-bloody 

rebellion against a system which offered security but few opportunities, 

the young, educated unemployed of Ceylon gave evidence of the work ethic 

being more than a product of the Industrial Revolution. And the pot 

smokers of Harlem seek an escape from their trials in a manner not unlike 

that suggested by Lord Buddha.
 



Psychophysiology is a young science. Some would argue it is nota 

science at all. But a growing..body of data is accumulating which suggests 

that emotional state will be reflected in monitorable physiological para
meters. The thing of course isoidividual; no'two people ieact IA nti

cally to a polygraph test, andsome can out-fox it. ;But: it is.n6tunrea
,sonable to expect that, say, ,heart rate and galvanic skin response--both 

now easily measurable--would in:concert give ~n.-:indication :qf the direction 
-.of an individua4's response to alternative environmental .circumstances. 7

It may-notbe science, but-I suspect it's not altogether science 
fiction. There are a number of explanations of why the "bread and cir

.cuses of ancient Rome ultimately tobuy off the .citizenry.. One, 

I suspect, was that the same sop was offered ,o all. Perhaps 'the most 
valuable application of vital-rate monitoring will be to enable us to 

.differentiate.
 

On this rather (speculativei inote I take ;.!eave of' the serne South Seas 

and returni you .0, reality -and the grime of.,New York. 

Y/ See 8 for the sort of parameters that may be meaningfully, mcii
bored,
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