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This paper is a'reproductioﬁ of Weyland Beeghly's M.S. Thesis,
Excluded are only the title page required by the Graduate School and
the Biographical Sketch, . e _ : ' '

Circulating an unedited thesis is justified in this case on two
counts:

1. I can't improve on it.

2. It is an original contribution on which we would like to have
es many ccmments as possible before publication.

S0 let us know what you think. Though the generation of SAMIs
employed in the Fhilippine project did not permit accurate measurement
of energy expenditure among truly free.ranging farmers, the Garrow-
modified instrument (possibly) and the SATR (certainly) promise to enable
us to do so. We would be interested in having suggestions es to further
applications of vital rate monitoring. These would seem to be particu-
larly broad in the area of employment, increasingly the problem con-
fronting the Third World. -

In this ares the limitations of traditional economic analysis--with
its emphasis on yield maximization--are becoming more and more apparent.
For governments confronted with swelling numbers of unemployed the effect
of an investment alternative on employment is no less important than the
returns to it. From trials of the sort described in Chapter VI the labor-
use elasticities of alternative development strategies would seem possible
of derivation.

Readers may be interested in two other recent Staff Papers outlining
applications of indirect, indirect calorimetry:



No. 72-11: DPeter Matlon, "The Definition and Measurement of
Rural Disguised Unemplcoyment in Low-Income Countrles: A Review
of the Literature and Speculations on the Use of Energy.”

No. 72-13: Andrew McGregor, "Agricultural Labor Abscrption and
Its Possible Quantification in Low-Income Countries: The Fiji
Case."

It is a pleasure to recognize the superior job Mr. Beeghly did, and
algo to thank the friends in Jamaica, Ceylon, the Philippines, and England,
and in Agricultural Engineering and Anthropology at Cornell who have over
the years worked with us. If what Weyland calls transistorized economics
does have a future, it is largely because cf them.

Funding for this particular project came, one way or another, from
the Ford Foundation, the Agendy for International Development, .and Cornell's
Program on Structural Change. For scratching up this and other scratch
(For what was to them a great unknown} I am indebted to Professor .B. F.
Stanton and Mrs. A. Papas.
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CHAPTER I. MEASURING ENERGY EXPENDITURE: WHY BOTHER?

The life of the tropical farmer is both mundane and mysterious.
While many oonsider his days monotonous, few agree on_how he spends
them. Aooounts of lonérdays in éteaming‘fields must oompeée with
descrlptlons of 181surely afterncons in a handmade hammock The con-
fllct can be partly lald to cultural dlfference There ig, after all,
no reason to assume that troplcal farmers are more homogeneous than
those in the temperate ZOne . But the fact remains that there is llttle
empirical evidence to 5ack elther view,

A The question is of more thanlacadeﬁic interest. Indeed i% has a
bearlng oh two of the most ba51c problems confrontlng low-lncome coun-
trles' Food and emplo;ment For years thepe countrles haVG relied on
FAC's ocale of calorle requmrements to estlmate lOOd shortages and plan
ifuture needs‘(;, pp. 9-46). These standards provzde.usefu;‘calorlc ad-
Justments for.differéncos in woight, age, sex, and environment.. But
they helolessly ignore toe_impact of alternate 1evels.of physical acti-
vity-wclearly the most.oruoial caloric_variable.

In recent yearo, ﬁowévor, unomﬁloyment has replaced hunger_as.the_
chief concern o% politiciaos and planners. The well~documented farm-
to-~ c1ty mlgratlon contlnues to galn momentun at a time when 1ndustry is

v

1ncrea31ngly capltal 1nten31ve. If political turmoil is to be averted,



new jobs must be found. At the same time, the impact of technology on
traditional work petterns should be carefully assessed. It would seem
worthwhile to consider how data on human energy cutput might be used in

dealing with these problems.

The Conflieting Evidence on Nutrition in the Tropics

Although seldom épplied to the plight of poor natiohs, the study of
human energy is hot new, The first measuring devices Weré developed more
than 70 &éaré ago and it was soon eéfablished.that miscular eXertion_jj
represenﬁs tﬁe bddj’s secoﬁd largest caloric éost. A moderatelj‘aqtive
person uses 50 percent of his available_energy forrbasal metaboligm and
25 pefcént for physical activity (2, p. 216). But the variation in humsn
endeavor is lmmense, and has spawned a large number éf specialized studies.

Most of the research has been done in industrial environmenté of
the tempefate zone with soldiérs frequently serving as subjects. Numer-
ous published tablesiindicate the calorié costs of sitting, standing;
and sieéping under various conditions. The energy component for nearly
every organized sport has been determined and occu?ationai groupé and
craftsmen have been studied to the point where we now know that a wetch
_‘repairman fixing a mainspring uses onlyAé.fifth as much energy as a sad-

q§gediééotfish éhepherd burying a dead ewe (Table 1)}. But the nsture

of these éctiﬁities, the technology used, the differing attitudés.and
physical ﬁharacteristics of the péqple, and a host of other factofs héve
made these data inapplicable to most lowmincome éountries.

This void is most easily attacked in the industrial regions of the
Third World where activity may vary little during the day and throughout

the year. For example, a summary of five Indian studies shows Calcutta



TABLE 1. ENERGY COSTS OF EUMAN ACTIVITIES*

Activity Average Calories/Minute

Agricultural ;

[
=

Feeding mulberry leaves (Japan)
Milking
by mechine
by hand
Cleaning pig sty
Pushing sheep in dip
Digging hole for dead shesp

oW F L 2
QO ~ O\

Service and Industrial:

Repairing watch
Typing :

30 words/minute

40 words/ninute
Stacking beer cases
Cperating a punch press
Pushing coal tubs

=

O\ B =
O~ 30 O

gggletic:

Flaying poker
Playing volleyball
Bowling
Playing badminton
Playing tennis
Bcottish country dancing
Horseback riding
walking
trotting
galloping

a

o~ Fwhk
O HwWwH\WWY

O OO

[
o oo

* From Durnin and Passmore, Energy, Work and lelisure, Heinemann
Educational Boocks Ltd,, Tondon, 1967.




rickshaw pullers to be among thé hardest workersrin the world, expending
LBBO calories per day--more than three times that required by a college
student, and a terd more than used by 2} stone cutter or cotton mill
worker (3, p. 117). prever,,most people in the low-income world are
not college studenté, factory workers or rickshaw pullers Theﬁ‘are
‘peasant farmers,.apd the tagk of a359351ng their energy expenditure is
difficuit.

One protlem is that work periods and levels of exertion are influ-
enced not by a shop foreman, but by the agrenomic cycle. The nature of
each croﬁ, its state of maturity and overall climatic conditions greatly
effect labor requirements. Sampling, therefore, must be mich more ex-
tensive than for occupations of consistent activity.

Another problem is that peasants do many différent kinds of work,
scme unrelated to farming. For example, Clark's review of African and
Indian data show only 17-34% hours per week spent in the field (4, pp.
115~117}. But many devote considerable time to carpentry, weaving, pro-
cessing grain, and other activities which in an industrial society are
done by specialists. The most common method of ensrgy mcasuremunuk/ is
so taxed when confronted with multiple activities in irregular time
periods and informal sequence that Durnin concludes it'"is.difficult,
if not impossible, to assess the energy expenditure of the ﬁeasant far-

mer and so to estimate accurately his food needs.” (3, p. 122).

: }/_ As caloric expenditure and oxygen intake are clogely related,
traditional measurement relies heavily on the respirometer. The calo-
ric costs of several major activities are determined, end multiplied by
approprlate time periods as recorded in an act1v1ty diary. This method
will be discussed in Chapter II.



For these reasons, among others, less than a haﬁdful'of‘studies
have dealt with energy output among tropical farmers. In 1949, Fox set
cut to measure the "...energy expended in cultivatiﬂé food crops by ‘hand
“labour during one year in alprimitivé African Community” (2;”p, 1). 'The
Fox study--and one by Phillips a few years latér-ndetefnihéd, not sur-
prisingly, that many agricultural operations involve moderate to heavy
exertion (5, pp. 86-88; 6, pp. 12-20).

Two other studies have attempted to relate activity and calorie
requirements to'FAOAstandards, Burgess and_Laidin found that per capita
daily consumption of Maiay small holders and fishermen was respectively
lh apd 22 percent short of requirements computed acgording to the first
FAC repprt (Z); Nicol, however, provides evidence that not gll peasants
have a level of caloric intake wéll below FAO standafds. Amﬁng seven
communities in Nigeria, he found mean body_weight.lowest in tWQ groups
of hard-working farmers and herdsmen. Yet their diets supplied up to
120 percent-ﬁf their estimeted requirements.-. Another group of gnergetic
farmersllgst Weight over the yéar presumably because thelr food intéke
had gééﬁMrestricted by a peor crop and amounted to only 9& perceht of
reqnireﬁents. Ehe ren of a third group, who_cultivﬁted vams buﬁ did not
have to travel far to their fields,Vmaintaiged.a-higher bedy weight
throughout the survey year on an estimated intake of Qi percént of re-
quirements. Niceol conclﬁdgd that the intake of calories approximates
the computed FAO'requirements Whére men énd women are not.uhduly ener-

getic (8, p. 306).



Unfortunately, hardly any new.datajhaﬁ‘beenngéded to this con-

flicting picture in 15 years. Thus . McArthur suggests there is gimply

insufficient evldence on activity patterns in the agricultural sector.. .. ..

“to "...allow us 1o decide whether...{the FAQ calorie‘scale).gives a per.. .

capita reguirement figure which is. too high, too low, or sbout right..
Hence, we cannot agssess-aceurabely...the magnitude of any existipng defi-
ciency in order to make allowance for it in estimating future focd needs."

(9, p. ho6).

Tba Problems in MEasurlng Unemploympnt

While the food equatlon remalns blurred, attentlon has been rapldly
shlftlng to the ploblems of unemployment and underpmployment ‘ The actual
eytent of 1dleness is unknown--partly because measuremenb technlques used
in urban areas have been found inadequate for the countrysmde Yet an
accurate view of current 1abor use is essentlal for effectlve plannlng.gf‘

Early studles trled to quantlfy surplus labor through use of stan- /
dard productlon functions (12 13; 14). ThlS ba31cally involves deter-
mlnlng the marginal product for succeedlng 1ncrements of labor When
the marglnal product reoches zero, addltlonal Workers are cons*dered
reﬁundant, even harmful Although most recent work tends to dlscount

thls approach (15, 16), Tew alternatlves ‘have been offered

2/ I am,lndabted to MbGregor (10) and Metlon (11) for several of
the ideas on the next few pages.- Mation, in partlcular, has speculated
on the use of energy in the measurement of disguised unemployment.



An importent weskness of the production function methodology is
that it measures labor in bnlyjbne dimension. But :labor is more than
time. Tt is as much skill end effort as it is man-days or man-hours.
And while skills in trédi%ionalsagriculture may be rather uvniform, the
hazards of iggoring the effort component become. clear when we consider
?arkinson's-léw, kno%n in the development literature as "work spreading.”

It has Jong been recognized that in slack periods households_gnd
1sborers in lcow-income countries spend more time doing a job than is
actually fequired.4 The marginal product measured under these conditions
indicates low labor efficiency. Unfortunately, however, economic tools
cannot separate the inefficiency due to lowered work intensity from the
-low marginal -return.inherent in the use of traditional non-labor inputs.
Thus an adjustabie Working pace may both camouflage & labor surplus and
conceal 8 seasonal bottleneck.

The same types of problems are encountered in trying to‘understand
the impaqt of new technologies. There is little doubt, for exemple,
that the new_saed;fertilizer technology increases the productivify‘of
labor. Yet paffly because of measurement prcblems, 1ittle can be said
regarding its total effect on employment. Mechanization, we know,’in-
creases the efficiency of 1abor by reducing the time nesd=d for va?ious
- tasks. Yet thefé is evidence that some hand-drawn -implements and two-
wheel tractors ceuse such strain that men must change off every hour or
two to reduce fatigue (lz, p. 24). 1In'such cases, actual labor produc-
tivity is less than advertised and labor displacement perheps less than

feared.



What would clearly seem usefu;ﬁ%%itpgrstudy of both current and
changing lebor use would be some indigation,of effort as well as time.
Such information could be of particular value to governments currently
colonizing new lands or designing the expansion of an irrigation system
(18). TFor knowing the energy requirements of various crops at each
stage of maturity would permit planners to determine the optimal size
of'holdings and thus avoid both lzbor surplus and sedsonal constraints.

There are at least two other benefits from energy measurement that
should be mentioned in passing. First, such studies could be of value
in the designing of new equipment and techniques. Most inventors realize
that efficiency isn't the only criterion by which farmers evaluate new
precducts. Particularly in areas where most work is donie by. cwner-opera-
tors or tenants, there appears to be some concern about stress. Tech-
nigques which save a great deal of time may fail to be accepted on a large
scale simply because they reguire unacceptable rates of exertion. Energy
. trials can help determine the acceptability of new practices from this
standpoint, and where necessary, aid in the redesigning of inplements.

Finally, as technology changes, basic food requirements will also
change. In rural areas, logic suggests that the energy recuirement rises
with the introduction of irrigation and the adoption of improved prac-
tices. It presumsbly falls if and when mechanization is' intrcduced.
Measuring this change is of major interest to those whose job it is to

~develop national food projections.
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In order to examine some of these questions, a Joint research pro-
ject was undertaken in. Laguna Province, the Philippines, from August
1971 to Jaguary 1972. 1In céoPeration with the Focd and Wutrition Re-
search Center, Manila, an attempt was madg to detefmine caloric expendi-
ture among farm femilies. The purpose here was not only to determine
nutritional needs, but to discover how season and the type of . agricul-
tural system might affect energy requirements. The 49 participants,
picked from five barrios {(villages), included a number of women and
children. They represented three major agricultural regimes: lowland
irrigated, upland, and shifting cultivation.

A gecond objective of the study was to determine the efficiency of
varicus techniques for performing the same task. In'concert with:econo-
mists and engineers at the International Rice Research Institute. (IRRI),
Los Banos, trisls were conducted on several systems of plowing, harrowing,
planting, weeding, and hHarvesting. About 20 employees and wage laborers
at the Institute participated in this study.

' Both phases of ‘the project . involved the use of a new system of
energy measurement which lacks the clumsiness inhibiting earligr nethods,
Essentially indirect, indirect calorimetry, it builds on the!fact‘that
oxygen consumption and heart rate are predictably correlated for each
individual. Thus_before considering the research methddology in deteil,

a look at energy measurement, past and present, would seem useful.



CHAPTER II, THE EVOLUTICN OF CALORIMETRY :
' MAKING THE UNACCEPTABLE ACCEFTABLE

 Early Calorimefry and the Atwoter é@amber

The measuremént of mefabélic eneréy began With the experiments of
Laﬁoisier in the late 18th century. Attempting_to quantify animal heat
producticn, he placed guinea pigs in sﬁall cubiclgs surrounded by ice.
The degree of melting became his indé# of metaboliq activity. Perhaps
of gﬁeater consequence, Lavoisier a;éo measured his subjects' respiratory
exchanges, and soon digcerned a éignificant relatioﬁship between oxygen
intake and heat output (3, ». ll);
| This relationship is now well understood. Essentially, focd enters
. the hody as stored enérgy. In order to fuel bodily functions it must
be liberated by oxygen ﬁhroughzaprocess Xnown as oxidatioz. Oncerre-
iéasea, energy facilitates mgscular work, chemical systhesis, and iénic
balance. Ultimstely it is reduced to heat. Thus metabolic activity can
be determined at eitherrend: directly, thr@qgh the output of heat, or
indirectiy through the intake of oxygen.

Both indirect (respiratory) and direct (heat) calorimetry were used
'throughouf the 19th centuryf Extensive reséarch on small animels led to
thé construction of a human :espirétién chamber which greatly advenced

man's knowledge of the energy component in various foods. By the end

10
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of the century, Atwater had built a chaMber_which, for the first time,
permitted both indirect and direct measurémenﬁ of human_énefgy (;2,
pp. 69-73).

- The Atwater calorimeter was a closed but habitable room containing
ra.couch and bicycle ergpmeter. Food was passed in, and excreta out,
through a small hatchf As the walls Weré heavily insulated, all body
haat was taken up by ﬁater which circulated in pipes throughout the cham-
ber. Thus the‘energ& output of the subject was determined from the rise
in water temperature. In like manner, indirect measurements were simul-
taneously made through a closed respiratory s&stem.

EXperimeﬁts with the Atwater chamﬁef yvielded two important conclu~-
sions. Filrst, that over a short period energy ingested as focd exactly
eqguals energy lost asg hgat—qbiological'support for the first law of
thermodynamics., Secﬁﬁds that energy caléulated from oxygen consumption
closely ccrrespondé with measured heat’outﬁut. In other words, indireet
caloriretry proved to be nearly as accurate“éé direct measurement, This
finding was further supported. by the research éf Murlin and Iusk. In a
long series of eiperiments on dogs, they found the mean differeﬁce betwéen
the two types of calorimétry to be only 0.6 percent (gg, . 15-29).

Although the Atwater calorimster significaﬁtly furthered the study
of human energy, it had severe limitations. ‘Operativevdifficultieg were
immense, and relisble measurement--either direct or indirect.-took days.
But perhaps most limiting wgs_the-physibal nafure of the equipment. Coal
cannot be mined nor potatoes planted in such devices. The metabolic

study of most activities had to await less cumbersome tools.



127

Approaches to Indirect Calorimetry

The inevitable rejection of sealed chambers focused attentlion exclu-
sively on indirect calorimetry. Shortly after the turn of the century,
respiratory masks were developed. These housed valves by which inspired
and expired air could be separated. Since the oxygen and carbon dioxide
éoptent of inspired air is known; human uvtilization of oxygen and produc-
tion Qf carbon dioxide can be'readily ?alculated'by metering expired air
and analyzing the gas content. | |

This principle formed the bvasis for the Benedict-Roth spirometer
and the Douglas Bag systems, the latter featuring a huge bag in which
all expired air is collected, to be later discharged through a flow
meter.l/ Both systeﬁs were found to be much easier to operate than the

19th century chanbers, and could produce metabolic readings in a matter

of minutes. &ven after 50 years, thesé devices remain the rost reliablé
means for measuring oxygenrconsumptioniover short periods. They are,
however, somewhat uncomfortable for the subject. They also lack the
mobility essential for fleld works.and thus ere usually found only in
hospitels and leboratories.

Tt wasn't until the late 19205'that an instrument small enough to
be takennto the field appeared. The respirvometer developed at the Max
Flanck Institute for Work FPhysiology in Dortmund was a major breskthrough
in the‘;tudy of human metabolismxundér sémewhat normal conditions. It
enabled‘German physiologisté to make 2 systematic survey of energy eXx-
penditure in a nunber of industries. This was soon used as a basis for

the focd rationing bréﬁght on by World Wer II.

;/ This material on the standard forms of indirect calorimetry is
summeTized from Chapter 2, Durnin and Passmore (3).
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The FPlanck respirometer modified by Kofranyi and Michaelis, continues
1o be the major field instrument for energy studies. "' Now generally called
a KM, it consists of a small dry gas meter (3 kgs.) worn on the back.

The subject, doing his usual work, breathes out through an expiratory
valve, the expired air, in turn, passing through the meter. A device
within the meter directs a fraction of the expired air into a small
rubber bag. This air is subsequently analyzed.

Although the KM is of considerable value, it is not without limita-
tlons. Connections to the subject make communication difficult and its
appearance may cause considerable embarrassmént (Photo 1). More criti-
cally, the instrument's bulk makes it awkward for the subject to do
some activities, and the weight affects energy expenditure during others.
All these factors,inevitably-cause theiindividual to“modify his behavior,
_:xesg;ﬁing in nontypical energy resdings.

' f:i iT5 overcome soﬁe of these problems, Passmore and his associates have
used a KM-diary technique in vwhich a continucus activity record is mainm
tained by the subjecﬁ_or an obgerver during the study period. The oxygen
consumption of ﬁrihciple activities is determined with the respirometer
~at a separate time. The energy expended for:each activity is then cai-
culated by multiplying the.per minute calorié cost of the activity by

the number of minutes spent doing it. Total énergy expenditure for the
period can be found by summing the expenditure for the various activities;

But this approach also has problems. It necessarily groups all
activities into a few categories (e.g., sitting, standing, walking), thus

glossing over the variation of daily life. ZFurthermore, there may be
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PHOTO 1 (left). TRADITICNAL
_ CALORIMETRY: THE KM
' RESPIROMETER

CPHOTO 2 (right).
MONTTORING HEART RATE
U WITH TELEMETRY
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circumstances under which é'diary obsérver is unable to keep accurate
records, and to depend onﬂthe subject is aiways rigsky and sometimes . -
impossible. In sum, the device is best suited for applications where

the work is homogeneous and where it is possible to obtain meticulously e
sccurate time span recording. Such condifions are uncomnron among tropi-

cal farmers.

Using'Heart'Bate to Measure Energy BExpenditure

Becouse of the serious limita.tions invo_lv_fed in the measurement of
oxygen consumption, work physiologists welcﬁméd Lundgreﬁ's 1946 discovery
that there éxists'a.linear relationship between an individual's cardiac
output and his'ozygen uptake over most of his range_oflacti&ities.: This
phenomenon,.described by Wyndham (21), Maihdtra (gg), aﬁd_Ekblom (gﬁ),"
is easily underétood when we recall that it is the circulaiofy system
which distfibutés oxygen to all paits of" the body. As exeftion increases,
more oxXygen ié‘required It can be supplied only as the heart works to
increase the flow of blood.

Though the variation between the measured consumption of 6xygen and
that estimated from heart rate has been foung,fo range frdm only 3 to 10
percent, means for measuring cardiac activity were slow to develop (22
p. 996). All of the early rsaearch, end much done even today, relied on
a simple pulse count taken W1th1n a mlnute of the halt of activity (22
g&; gé). Such measurement, though less cumbersome than an oxygen analy-
sis, does not get away from the need for a diary if daily activity is to
be monitored. There ex1st at least two other possibilities for error:

first, in the well-condltloned 1nd1v1dual pulse rate tends to drop very
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rapidly after activity has ceased, meking the understatement of heart
rate likely; second, there is = possibility that taking the pulse will
incresase aniiety in some people, thus raising heart rate above strictly
physiological demands.

7 Within the last deéade, however, several poitable heart monitoring
igstruments have been designed. One--an offshootrof the miniturization
stimulated by the space program--invelves telemetry. lThe‘électrical
impulses given off by the heart are transmitted bylsméll, battery-powered
FM devices to nearby receivers (Photo 2). A big advantage of the system
is that it permits thé femote reading and recording of a subject's heart
rate at all hours. 3But the_techni@ue also presents major problems. If
transmissions are to be for more than a few dozen feet, the subject must
carry &4 rather conspicuous antenﬁalon his back, which may have an impact
" on normel, activity patterns. Furthermore, the transmitter contains no
mechanism to distinguish eiectrical impulses related to cardiac activity
from those assoclated ﬁith other muséular movenent. Finally, a techni-
| clan must be present at all times to read the signal which, due o line-
of-sight transmission, may”be intefrupted if the subject ventures into

2/

an obscure ravine or even enters his hut for lunch.—

The SAML
The problems generated by bulky or conspicuous equipment -appear to

have been substantially reduced with the recent invention of the SAMI

-
g/ ‘The telemetry technique has been compared to earlier forms of

indirect calorimetry by Bradficld (26, pp. 696-699);.its limitations

were revealed by Poleman, et al. in a 1968 field trial in-Jamaica-(gz).
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(Socially Acceptable Monitoring Instrument) by H. 8. Wolff of the British
Medical Resesyrch Council. Small enough to fit into a shirt pocket, the
SAMI can record cardiac activity For up to U8 hours with no discomfort

to the subject. ZElectrodes affixed to the chest pick up the heart's
electrical charges and transmit them to the SAMI where, by a process of
ion transfer, they are accummlated in electrochemical cells (E—cells).

At the end of the sampling period these cells are "decoded" by another
ingtrument, revealing the number of heart beats.

We can perhaps get a better notion of the sequence by following,
gstep-by-step, the procedure used with participants in the Philippine
study.

The first task is to approximate good electrode sites, i.e.;sites
of proper pelarity and adequate amplitude. Although there are a number
of alternatives, we had the greatest success with the two arrangements
shown in Figure 1. One method (A) is to put the positive electrode near
the apex of the heart, roughly in line with the nipple and one or two
inches below it. The negative terminal is then attached three to four
inches above the base of the sternum. A second method (B), less commonly
used, is to attach the positive electrcde as before, but with the nega-
tive wire laterial and slightly higher.

In order to determine the best possible placements, suction elec-
trodes are first attached to several sites and tested by means of an
electrode placement test set. OCnce optimum sites have been selected,
they must be properly prepared for the SAMI electrodes. A small abrasive

stone should be rubbed against the skin to rough off loose cells and
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FIGURE 1 COMMONLY USED ELECTRODE SITES

ELECTRODES

ELECTRODES
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establish better contact. Eﬁner or acetone may then be used to clean
each eurface. Tne eleCtrcdee.ere preparednbj nlacing g small condncting
sponge in the center of each and a doﬂble adhe31Ve around the perlmeter.
They are then pressed flrmly agalnst the 51tes {Photo 3).

Next, the placements sre again tested w1th the aid of the electrcde
placement test set (Fhoto h) The flrst requirement is that the R-wave
have an amplitude of at least 1 mV--below that, the SAMI's automatlc
filtering device will not function. A second requirement is'that:imped-
ance across the electrodes be 1ess_than 10 K6 . Finally;_subjects:afe
asked to do a series ef'exereiSes while the technician listens ﬁﬁfough
an ear piece to assure that the SAMI is picking up cnly impulses from
the heart and not muscle artifact. |

 After the electrodes have been attached to_seﬁisfactory sites, the
E-cells may be inserted (Fhoto 5), and the electrode wire joined to the
SAMI. The instrument is then ready to be placed in the subgect s pocket
{Photo 6)w/ Monitoring has begun. |

While our Ffarmer goes about his tasks, a digfession is in order,

It should be recslled that heart rate in 1tself is nct a measure of
energy expendlture Before a linkage can be 1nferred it is necessary

to determine‘the relationship--uniqne to each individual—-between heart
rate and oxygen uptake. Thls nrccese; which we have'ceme to call_"cali—
n

bration,” is considered in Chapter III. The linear relatiocnship it

yields applies to the bulk of the activity renge, but breaks down if

3/ Large adhesive pads (Photo 6) may be used to further protect
the electrodes against momsture and’ detachment
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PHOTO 3 (above).
ATTACHING SAMI EIEC- .
TRODES TO A FPILIPING
FARMER

PHOTO k. (1eft).

TESTING THE PLACEMENT

FOR R-WAVE AMPLITUDE
AND ELECTRODE LMPEDANCE
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PHOTO 5, INSERTION OF E~CELLS FRIOR TO MOI\TITORING



PHOTO 6.

22

PCCKETING THE SAMI
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the subject is resting or under extreme stress. So that this fact can
be taken into account, a SAMI with three E-cells and two adjustable
thresholds is available, permitting heart rsies to be monitored in three
ranges.&/

The nature of the heart rate-oxygen relationship {and the region
covered by each E-cell) is sketched in Figure 2. Though somewhat sim-
plified, it indicates that oxygen consumption dces not move with heart
rate in the region of resting metabolic rate {RMR). Similarly, the
relationship breaks down in the upper region where at some point an
"oxygen debt" may be expected to occur.éj By adjusting the lower end
upper thresholds for each individual, it is theoretically possible to
isolate these two regions from the linear one. In the Los Banos study
we selected 10 beats above resting heart rate as the likely area in which
the linear relationship would begin to develop.é/ The uppsr threshold,

really of little consegquence, was uniformly set at lhO.Z/

4/ Actually there are a number of instruments in the SAMI family,
not all of which have three cells. For example, a one-cell SAMI is
avellable to measure mean heart rate; another will monitor ambient or
skin tempsrature. thar BAMIs include the Garrow modified instrument
and a tape recorder--both of which will be discussed in later chapters.

5/ "Oxygen debt" can be defined as a deficit in oxygen intake during
exercise that must be repaid during a recovery period (gﬁs p. 50).

é/ Conventional wisdom has the resting heart rate of adult males
to be 72 beats. In fact the variation is enormous. In the Fhilippines
the rate of 55 employed in Figure 2 was not uncommon,

Z/ There is general agreement among physiclogists that the linear
relationship begins at sbout 13-2 times basal metebolic rate (29). Oxyegen
debt, on the other hand, seldom sets in with exertion of less than 10-15
Calories/minute (30). :
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We can retﬁrn now to oﬁr barrio farmer who, we will assume, has
been wearing the SAML for 10 hours. The E-cells are removed and the
mumber of heart beats in each cell determiﬁed by use of an E-éell replay
machine, which counts in multiples of 30.§/ In this instance we will
assume 1630 counts in the "A" cell, 12007counts in the "M" cell, and
50 counts in.the "F" cell.  Referring again to Figﬁre 2, it can be seen
that the A.cell has accumulated all heart beats during the.dayg the M-cell
has accumulated those presumabdly in the linear range, and the F-cell has
accumilated beats in the fast range. The actual number of heart beats,
then, is as follows:

A-cell 1650 X 30 49,500 heart beats
M-cell 1200 X 30 36,000 heart beats
Focell 50 X 30 = 1,500 heart beats

Actusl caloric expenditure can now be computed.

8/ The-neture of the E-cell is described by SAMI inventor, H. S.
Wolff, in his book Biomedical Engineering (31, pp. 115-116).

This E-cell consists of a cylindrical silver can about

1 em. long and 0.5 cm. in dlameter, with a gold-plated eleec-
trode at its centre and insulated from it. Wire terminations
are made to toth the can and the central electrode, and the
space between them is filled with an electrolyte containing
a soluble silver salt. When a current is made to flow through
the cell in such a direction that the gold elec¢trode is the
cathode and the silver can the ancde, then silver will be

- plated from the can on to the gold electrode; and, in accor-
dance with Faraday's first law of electyrolysis, the gquantity
of silver transferred will be proportional to the quantity
of electricity which passges. Since the SAMI is so designed
that each heart beat produces a standard-size pulse of current
to be fed into the E-cell, the amount of silver deposited on
the gold electrode will thus be proportional to the number of
heart beats recorded. If we know the amcunt that will be
transferred for 2 given number of heart beats and can measure
the amount that has in fact been itransferred during the known
time of recording, it takes only a 1littls simple arithmetic
to work out the average heart rate for the whole period.
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The first step is to determine the approximate time spent in each
of the three ranges (Figure 2). Since none of the SAMI cells measures
the slow range, per se, the beats must be derived by subtracting F and

M from A.-

59,500 - 36,000 - 1,500 = 12,000 (tctal heart beats
S in the slow range)

- We can now approximate minutes by suggesting that beats in this range
averaged halfway between the subject’s resting rate. (55) and the lower

threshold (65).

33%%99 = 200 {minutes in the slow range)

We determine minutes in the upper range by arbitrarily suggesting that

these averaged 145 beats per minute.

1,500 _ : , '
Er el 10 (minutes in the fast fange)

Subtracting the minutes in these two ranges from total minutes jields

2 figure Tor the linezr range.

600 - 200 -~ 10 = 390 (minutes in the linear range)
With the time in each range approximated, ithe second step is to
determlne the number of cslories expended. The number of minutes in

the flow range should be multiplied by an appropriate resting metabo-
lism.g/

2/' In this éaSe valid resting.data is unavailable, so the slightly
lower basal metabolic rate (BMR) has been used. For the average Fili-
pino male this is .92 Cal./min. (32, p. 234).
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200 X .92 (Cal./min.) = 184 Calories
For the linear range, however, a more complex formwla is requirved. TI%
is first necessary to decide on the average hesart rate for this range

by dividing "linear" heart beats by minutes.

35,000
390

We can then find this heart rate on the individual's calibration chart

92.3 (beats/min.)

(Figure 3) and read off the liters of oxygen (.74 liters/min.). Since
Weir hes determined that each liter liberates L.92 Calories (§§), actual
energy expended can be computed as follows:

T4 X 492 = 3,64 (Cal./min.)

3.64 X 390 minutes = 1420 Calories
Since it is extremely difficult to know where the fast range begins,
beets in the F-cell can usually be treated as part of the linesr range
and computed in a similar fashion:

oxygen inteke at 145 beats/min. = 1.8 liters/min.

1.8 X h.92 = 8.86 (Cal./min.)

8§.86 ¥ 10 minutes = 89 Calories
Adding the three ranges together we get a total calorie figure for the

day.

184 + 1k20 + 89

il

1693 Calories
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CHAPTER I1I, THE HEART RATE~OXYGEN RELATIONSHIP:
CAN IT BE PREDICTED?

Calibration--~the simuitaneous determinstion of heart rate and oxygen
ugtake at several levéls of activity--is the cornerstone of indirect,
indiréct calorimetry. As each individual's heart rate-oxygen relation-
ship is uniqﬁe, all parficipants in our study were calibrated at leasst
once. Eguipment consisted of a KM respirometer and gas analyzer to
“deternine oxygen uptake, an electrode'placementﬁtQSt set and strip chart
: _1nstrument to record heart beats, and a bicycle ergometer to alter the

R degree of physical stress (Photo 7Y

The Calibration Process

: The ba31§ procedure is %o g@t oxygen readings at several dlfferent
_:1evels of stress In our case flve readlngs were generally made, the
vflrst 1nvar1ab1y an 8 10 minute test with the subject 31tt1ng quietliy
in an easy cheir. The second was taken while the subject pedaled the
ergometer just fast enough to raise heart rate by 10-15 beats per minute.
The remaining trials were done under progressively greater stress but h
for shorter time pexinds, the final trial being three minutes at 120-130
beats per minute. For most subjects ecalibration was completed within
an hour, with brief rests between each level of exertion.

Remarkably few problems were encountered, perhaps the most serious

being the anxiety shown by teenage girls. Although pictures, comic books,

29
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PHOTO 7. THE CALTBRATION OF AN TRRI PARTICIPANT
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and music were available to encourage relaxation, an hour or more was
often needed to bring the "resting" rate down to a reasonable level.

In a few cases, this was never achieved. A lesser proeblem was that many
participants had never pedaled a bicycle and thus lacked z desirable
degree of coordination. Such handicaps were overcome by increasing the
tension on the wheel rather than celling for additional bursts of speed.

Figure b shows the results of one calibration. The five simulita-
neous readings of heart rate and oxygen are plotted on the graph and an
"eye-ball" (rough) estimate of the slope has been drawn. Although obser-
vations were more deviant for some individuals, the "fit" was generally
good .

A total of 100 people were calibrated during the course of the study.
These calibrations were primarily intended to convert individual heart rate
data from the barrio and field to caloric equivalents. But they were
also viewed in a broader light: %o attenpt to identify whether physical
and occupational characteristics have a significant influence on slope

and intercept.

Identifying the Significant Personal Varishles

The possible impact of these characteristics on the heart rate-oxygen
relationship is of more than intrinsic interest. Ag Photo 7 indicates,
calibration is the least socially acceptable feature of indirect, indirect
calorimetry. If the nature of an individual's heart rate-oxygen relation-
ship can (within limits) be predicted through knowing his/her personal
features, reliance on this unpopular and time-consuming reguirement might

be lessened.
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To determine if personal varisbles are, in fact, significant, we
first made the now familiar assumption that the relationship between
heart rate and oxygen is linear. Thus the model for a single individual

might be written

{1y 0 =a + bH
where

oxygen (liters/min.), and
heart rate (beats/min.)

0
H

¥

As it is already known that the two parameters,_a (intercept) and b
(slope), vary among individuals, we can now make a second assumption
that this variation is, in fact, due to differences in personal énd ocCil-
pational chevacteristics. This suggests the general model

(2) ~ o© zEnanxn T+ o ‘z'inbnxn) (H)
where

0 and H are defined as in (1), and

X = a set of variables for personal and occupsational

characteristics ‘

Thug, in equation (2) both the inﬁercept (E:néhxn) and slope (Z?nbnxn)
for a particular individual are expressed as a function of his/her personal
and occupational characteristics.é/

An estimate of the regression equation (2) revealed an B of .8097,

indicating that most (80.97%) of the varistion in heart rate-oxygen

i/ The 30 original variables included age, sex, height, weight,
surface area, and ten occupaetional groups: field laborers, carabao
plowmen, IRRI shop workers, tractor plowmen, sedentary workers, and
farmers from each of the five barrics. Each variable was evaluated for
its impact upon both intercept and slope.
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relatipnshipsecgn indeed be -explained by individusl characteristics.
Subsequent regressions eliminated nearly two-thirds of these charac-
teristics as insignificant, leaving the final model with only il vari-

ables.g/

(3) 0= (s +aXy +a%y) + (byX) + DXy + Po¥y

+ by, %, + b5X5 + DeXe + o Xy baxs) (1)

where -

sex (a dvmmy variable with Xi=0 for males, =1 for females)

welght (kilograms)

WY
il

X3 = height (centimeters)
%, = surface area (meferse)ﬁ/
X5"X8 = occupational dummy variables as follows:
'Xé = 1 for field laborers
= O for others
X6 = 1 for carsbao plowmen
-7 = 0 for othors
X7 = 1 for sedentary workers
.= 0 for others
Xg = 1 for barrio folk, tractor plowmen, and IRRI
_ ~ shop vorkers S
= 0 for cthers

2/ Tt was immediately found that occupation had 1ittle bearing on-
{He intercepts. Dropping this factor yielded an F-statistic of 1Lh
(F;9,474) insignificant at the 1% level. ' However, dropping occupation
as & determinant of slope was unacceptable at the 5% level. Additional
regressiong indicated that slopes for all barrio folk, tractor plowmen,
and - IRRI shop workers could be grouped. Several other characteristics
were subsequently dropped, leaving the final model with only 11 vari.
ables. The F-statistic, 1.66 (F; 19,47h) is insignificant et the 2.5%
level. : o '

3/ Surface ares = .007184 X wveignt? ¥ X neight® ™27 (34, p. 131).
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As the heart rate-.oxygen relationship is not, in fact, linear over
the entire activity range, it was considered advisable to test the log-
log-inverse function (Figure 5).

(4) 1og 0 ==z + b/logH + c(1/H).
where L

&, b, and ¢ are the regression coefficients
Fitting the.personalfoccupatioﬂal characteristics as in (2) yields

(5) log 0 = T2,%, * ( z:nbnxn) (log H) + ( Encnxn) (1/41)
With this function the RE was found to bé .82, the significant charac-

teristics being the ssme as in the linear case.

FIGURE 5. CCMPARISCN OF LINEAR AND LOG-LOG-IKVERSE FORMS

Oxygen

- Uptake
(1iters/
min. )
‘ linear
2.5
g
’M'
__,-r’
2.0 - log-log
inverse
1.5
1.0
5 —
50 70 90 110 130 150 170

Heart Rate (beats/min.)
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Since the linear form explains nearly as much of the varietion as the
nonlinear form, and as it is considerably easier to work with, it was

selected as the final model.

Effect of Tndividual Characteristics on Calibration
Intercept and &lope

The impact of each characteristic on the heart rate-oxyggﬁfwﬁ
relatioﬁ;hiﬁréén be seen in Table 2. Among occupatiqnal gréﬁps, for
instance, the regression coeffic;ents for slope range from .0338 f&i'
sedentary wcrkers to .0389 for carabao plowmen. In other words, a cara-
bao plowman takes in an additional ;6389 liters of oxygen per minute for
each beat increase in hesrt rate, whiie a sedentéry worker draws only
,0338, sex, height énd welght being.ééﬁal. Although such differences
appear unimpressive, their cumulative impact is apparent in Figure 6.

Here we see the mean glopes of the four cccupational grouﬁs With
physical”factqrs held constant.&/ The steep sliope of the cérgbéoﬂéiow—
man sﬁgg;sts he is more "efficient”" (burns more oxygen with feWer3heart
beats) than individuals in the other groups. Assuming thaﬁ évéiage basal
metabolic rate for Filipino males is about .2 liter per mihu%e; the slope
also suggests that plowmen begin their work from & much sl&werlresting
heart rate than other workers., Indeed, it seems quite likeiy that it
i8 the effect of physical conditioning, not occupation ggé_gg, which is
here demonstrated. Surely chasing s water buffalo through thigh.deep

mud develops greater stamina than planting rice or shuffling papers.

L4/ In Figure 6, as in subseqﬁént figures, the constant factors
have been arbitrarily specified. However, 160 cms. and 50 kgs. do
approximate the mean of our sample.
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TABIE 2. COEFFICIENTS AND t-VAIUES OF SIGNIFICANT
CALIBRATICN VARIABLES

Regression
Varisbles Coefficient ‘ t-Value
Intercept:
Sex 0.28603 2.4023
Weight -0.02121 -3.4497
Congtant 0.06040 0.1839
Sex ~-0.00579 -5.0510
Weight ~0,00144 -4.0720
Height -0.00099 -4 6542
Surface Area 0.1h2k4o 4.8368
Qccupation
Field Laborer 0.03465 4,1913
Carabao Plowman 0.03887 L. 6808
Sedentary Worker 0.03375 4. 0689
Barrio Farmer, Tractor
Plowmen, IRRI Shop Worker 0.03590 4. 3462
n = 100
2
R™ = .7970

g

% Represents A liters of oxygen/one beat A heart rate.
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Sex is also a key determinant of the heart rate-oxygen relationship.
The negative regression coefficient (Teble 2) indicates that women tend
to have a flatter slope than men. (Recalling our dummy varieble, the
coefficieﬁt is multiplied by 1 in the case of women, by O in the case
of men.) The effect is demonstrated graphically in Figure 7, where it
is apparent that men take in more oxygen at every level of heart rate
than do women of the same size and occupation.

Finally, the impact of physical size can be seen in Figure 8. Al-
though both weight and height have negative ccefficients, their impact
is offset by the strongly positive coefficient for surface area. The
end result, other things being equsl, is that large pecple demand more

oxygen at each level of heart rate than do smaller ones.

The Nature of The Confidence Bands

Figures 6, 7 and 8--though demonstrating the affect of physical and
occupational variables--show only simple means. Of considerably greater
interest is the variance around these means. Is it, in fact, possible
to generate slopes for individuals of specific sex, size and occupation
with a high degree of accuracy? If so, reliance on the rather uncom-
fortable calibration procedure might be reduced.

To debermine the answer, confidence bands were constructed about
the means of scveral hyvothetical individuals. Figure 9, for example,
shows the mean slope for a 160 em.,50 kg. male living in a barrio near
Los Banos. In this case, the (.99) confidence band is so narrow that

the slope is functional for all practical purposes. At a working heart
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rate of 100 beats per minute the width of the intérval represents fewer
than 220 Calories per day.2/

The precision with which slopes for barrio males can be predicted
is no doubt helped by the large proportion of the sample falling within
this category (n=37). Functicnal bands can also be drawn for male field
laborers (n=17), female field laborers (n=13), and barrio women (n=11).
Fewer individuals, of perhaps greater variability, were calibrated in
several of the other groups. Filgure 10 illustrates a mean slope for
sedentary males (n=5). Even with a (.95) confidence band, the variability
is much greater than for barrio males.

Waat mey be concluded is that calibration data can be employed to
statistically generéte the heart rate-oxygen relationship for additional
subjects. The adequacy of such slopes is, to a great extent, dependent
on the size of the base sample and the evenness of pliysical conditioning.
Thus among barrio males, whose occupation generally implies a high level
of phaysical conditioning, a sample of perhaps two score would suffice,
while the sample required for sedentary males, whose physical condition-
ing may vary greatly, might be so large as to dictate individual calibra-

tion.

5/ at (.95), 165 Calories.
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CHAPTER IV. THE LOS BANOS STUDY

| The first extensive application of SAMIs in low-income countries
was made in and around Los Banos, a municipality in Laguna Province, .
Southern Iuzon. Althoﬁgh originally famed for its medicinal waters,
Los Banos is perhaps better known as a rich,'rice-growing region, It
is also thé éite of two important educational end research facilities:
the Internationsl Rice Research Institute, and the University of the
Prilippines College of Agriculture.

The four-month Los Banoé stﬁay consisted of'two parts. Part 1,

' what might be called the "macro" phase, involved the measurement of
general activity levels in nearby besrrios. Wost of the equipment and
human resources were directed 4o this effort.. The Seéond part, the
"micro" phase, centered on messuring the efficiency of various tech-
niques.for performing specific agricultural tasks. This work was done

entirely at the IRRI test plobs.

The Macro Fhase
TPlS phase wags carried out in association with the Foed and Nutri;
tion Research Center (FNRC), National Institute -of Science and Techno1ogy,
Manlla.. To examine the 1mpact of seasonallty and. agrlcultural reglme on
. energy patterns, five barrios within 20 mlles_of Los Banos were.selected

for study. Two--Labuin and Masiit--are located on lowland, irrigated

Ls



L6

tracts. Paddy is double-cropped in both barrios, and virtually no other
crops are grown. The two upland barrios have more varied rotations:
Putho farmers grow rice during the monsoon, and sow maize or vegetables
in the dry seasonj in Perez, paddy and maiée are alternately intercropped
with pineépple, which usually requires 20 months to mature. The fifth
barrio, Sto. Tomas, offers a modified slash-and~burn regime. The ghifting
c:ull_'l:_3’.\1’&1"(:-'is:an'<:»:E"1.regetables3 rice, and roots on the mountainside is supple-
mented ﬁy coconut production and seasonal cane harvesting.

The seléction of cooﬁeratoﬁs in the five barrios was done in a guasi-
random fashion. In most instances fhe barrio captain was contacted and
a public meeting held to explain the study to_villagers. Among those who-
volﬁﬂteered, an effort Was_maae to select only those primarily engaged
iﬁ-farming. Preference was also given to family groups in qrder to faci-
litate the application of equipment. All cooperators received a tailored
jaéket with pockets designed to keep the SAMI dry.é/. Each was also“paid
'threé'pesos ($;50)_for-every day he/she ?articipated.

In 211, 49 villagers were selected: 17 from Labuin (split into two
groups ), and 8 from each of the other four béxrios. Thus 25‘c00pefators

. were on double-cropped irrigated land, 16 on upland, and 8 practiced

' }j Though the SAMIs were kept dry, the participants were a different
matter. The tailor, in his haste to finish the jackets, neglected to
preshrink some of the material. OCn subsequent visits we found farmers
buttoning cuffs pear their elbows. The shrinking sizes were, to a degree,
offset by an increased priée. Though originally quoted at $1h.SO each,
the jackets finally cost nearly 220.00--a cost overrun sufficient to make
the Pentagon wince. In the spirit of social acceptabllity cugtomary to
SAMI work the jackets were given approprisbe acronyms: SARONGs (Rainment
or Native Garment) for the women; SADISTs (Dressiin Sticky Terrain) for
the male participants.



by

shifting (kaingin) egriculture. The sample contained 29 -men, 7 women,
and 13 youths under the age of 17.2/

Actual monitoring ran 14 weeks, with each of the six groups sampled

- once a week Oﬁ'a randomly selected day.:.SAMIs were generally placed on
the subjects at about 7 a.m. and removed near 5 p.m. - The average sampling
pericd was nine hours, 50 minutes.

In view of the pilot nasture of the investigation, & cross-check in
the form of a traditional consumption survey was undertaken. FNRC tech-
nicians weighed and analyzed food eaten by the ccoperator each day he/she
wore the SAMI. Though-theorétically unnecesgary, an activity diary for
each person was also kept.

The calibrating process, béing the most unpleasant aspect of SAMI

technology, was put off until six weeks after monitoring ﬁad begun. It
was hoped that by this time the cooperatqrs would have had sufficient
experience with the SAMI andrenéugh confidence in field personnel to

undergo the process with a minimum of stress.

The Micro Phase

The second major aspect of the study was to get a clearer notion of
thé energy coét:of-various farm opefations. This‘phase wag conduchked
jointly with economistc and engineers at IRRI, who.wére_partibulariy inter-

ested in understanding labor use under alternative levels of technology.

g/' A general physical checkup, with particular attention to cardiac
problems, was required for each volunteer. A surprisingly large nunmber
(22 percent) failed this examination, there being heart murmers and other
damage attributed to rheumatic fever. Ancther six percent were dropped
due to pregnancy. '
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The‘original plan was to evaluate most of the tasks-and technologies
ghown in Table 3. They involve all maigr farm operations and 20 different
technologies. A1l trials used day 1aﬁgrérs and permanent employees of
the IRRI shop, and ranged in length frbﬁ 10 minutes {in the case of win-
nowing) to more than two hours; Because of the nature of the monitoring
equipment efforts were made fo meke fhe trials as long as possible.é/

But séme operations and techneclogies made this difficult. Monitoring
Began gt the field's edge, aﬁq‘did not include rest periods exceeding
two or three minutes. Oxygen‘readings were occasicnally made with the

‘respirometer as a cross-check on the SAMI results.

The Resource Requiremenfs
During the course of the sfudy, nine people worked in the field on
a full—piﬁe basis. Four FNRC technicians were in tﬁe barrios throughout
each day,rattachihg and detaching the S5AMI=, doing the.cohsﬁmption SUrVey,
and keeping activity records. At the Institute, ohe‘fNRC.technician,
three IERI research associates and the author were involved in the effi-

ciency trials and the calibration of all participants.

3/ Long trials ave preferred because E-cells, after being cleared,
may accumulate a few counts en route to the field. When the pesriod to
be monitored is 8-10 hours, as it was in the barrios, the effect of spuri-
ous charges on the final result is negligible. However, when the trials
are short, distortions may cccur.

An effort was mede in the Philippines to determine the spuriousness
of individual E-cells. Kept in an air-conditioned room and cleared by
the replay machine every 24 hours, we found accumulations of one to twenty
counts. These accumulations varied from day to day, with some cells being
mich more consistent than others. Of greater consequence was the effect
heat and humidity appeared to-have. Cn several occasions cells were
cleared, then not used in the field. Brought back to IRRI 20-60 minutes
later, they showed accumulations of up 4o 30 counts (the equivalent of
900 beats). BE-cells, after being inserted in a SAMI, are protected from
these charges.



TABLE 3.
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PROPOSED ENERGY MEASUREMENT TRIALS FOR
SPECIFIED TASKS IN RICE PRODUCTION

Task Operation Alternatives ~ ~  Data to be Measured
Plowing 1. Tractor Cal./hectare
2. Carabeo '
Harrowing 1. Tractor Cal./ha.
2. Carabao
Planting 1. Manual transplanting (dapog) Cal./ha.
2. IBRT row seceder
3. Broadcast seeding
Weeding 1. Manual Cal./ha.
2. DBand rotary
3. Power rotary
L, Herbicide
Horvesting 1. Sickle Cal./ha.
2.. Hand drop mapual harvester
Threshing 1. Manual Cal./ton rice
2. Hampasan (frame)
3.. Pedal thresher .
L., IRRI table thresher
Winnowing Manual Cal./ton cleaned

W

Native winnower
TRRT hand winncwer

grain
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Majorﬁitems of equipment included:

SAMI ER/3 Monitoring Devices
Electrode Placement Test Sets
‘Variable Pulse Cenerators
BE-cell Replay Machines
Magnetic Tape Recorder

Strip Chart Recorder

KM Respirometer

Electric Gas AnalyZzer

Bieycle Ergometer

Food Balances, and

Encugh disposable supplies for 3000 applications.

1

Rl el il ool o R A AV R US RN

Although sufficient SAMIs Qefe availablé at the starf, not all con-
tinued to function.&/ As eight to nine wefe required'in the barrios
six days a week, there was often only one or two aﬁailable for the IRRI
field trials.

The heavy schedule of calibrations, barrio visits and IRRI trisls
also stretched human resoﬁrces,"Little time was avallable to assess the
data as it became known. Nor was leewsy available to work cus the prob-
lems that inevitably sccompany tihe use of a new'methodology.

A damaging absence of flexibility is clear by hindsight. Yet what
was obvioﬁé at the outset was an unparalleled researchropportunity. The

temptation to exploit this to ite fullest in the end proved irresistable.

E/ The principal difficulty was with the potentiometers which were
adjusted daily to alter thresholds. Under hot, humid conditions they
proved inadequate.



CHAPTER V, THE MACRO PHASE: ESTIMATING
RURAL ENERGY EXPENDITURE
To assess the reliability of results obtained with indirect, indirect
© calorimetry, we mﬁét gompére our data with othér approaches. Oﬁe check
1is,'6f.course, the consumption survey--built into the experiﬁent énd using
the same group of participants. Another possibility is to calculate recom-
“mended dietary:allowanQes according to the guidelines of major health or

nutrition agencies.

Estimates of Average.Calbric'Ekpehdituré'Among Rural Filipinos

Teble b com?ares an estimate derived from SAMI daté‘wiwh consumption
survey results and an FAQ recommended allowance based on.the age, weight,
and envifonment of the 49 cooperators. It is immediately clear that
figures provided by the new methodology exceed those of the cther two
sources, for males significently so. Several reasons for this disérep-
aqcylmight be offered.

| éifing oﬁr methodology the benefit of‘the doubt, if could be suggested
that rural'Filipinos are, in facf, ﬁove aétive than the FAQ reference man/
woman who stands much of the day but does little strenucus work. Judging
from:partiéipanﬂsldiaries this is quite likely. But FAO figures aré con-

sciously inflated (§§, p. 7) and therefore may accompmodate some if not

H1
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2ll of this factor. Add in the consumption surveylf which largely sup-
ports FAO estimates and there seems 1ittle choice but to conclude that
some of the results derived from SAMI date must be considered suspect.

TABLE 4. ALTERNATIVE ESTIMATES OF AVERAGE DAiLY
CATORIC EXPENDITURE AMONG RURAL FILIPINGS

Consumption Survey F A Og/ SAMIﬁ/-,
Male 2252 R | 3759

Female 1895 2073 2169

Cverghotad Eaergy Fxpenditure: The Problem
with Resting Heart Rastes

Where lies the scope for error in our methcdology? OCne poséiﬁility
is that the raw data have been improperly evaluatéd; another is that the
erucial heart rate«éxygen-calorié relationship in at least some cases

broke down.

}/ Consunption surveys are also net without criticlism. They are
mogt often cited for understating actual consumption--neglecting the
between meals intake of coconuts, fruit, and other instant snacks.

2/ 'The FAO recomrended allowance assumes "y mederately active"
-population (1, p. 10).

_ 3/ As SAMIs were used only from 7 a.m. to 5 p.m., this is obvicusly
a constructed mean. First, the average 10-hour SAMI reading for men was
determined to -be 2866 Calories. Then the average regting rate of the
Filipino male (.92 Cal./min.) was multiplied times 8 hours of sleep to
add another 443 Calories. An average of daytime and sleeping activity
yielded 893 Calories for the remaining 6 hours. In like manner, the
female mean was computed starting from a 10-hour SAMI base of 1240.
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It will be recalled that the SAMI is capable of storing heart beats
in three frequency ranges. This is of value becauée it permits those
beats which occur during rest and at éxtremely high levels of activity--
both of which fall outside the linear heart rate-oxygen relationship--to
be isolated and appraised seperately. But in retrospect the problems in
getting relieble resting heart rates from our cooperators went far toward
invalidating the separation.

The basic approach was to take tﬁe resting pulse of a participant
at least twice each day the SAMT was‘worn. After three weeks (six pulse
readings ) the lowest was assumad to be the actual resting fate. SAMIs
were then individuelly adjusted so that only beats faster than 10 above
resting, but less than 140 per minute, were recorded in the "M" (linear)
cell. Beals Zbove lhd, of which there are few, went into the fast cell.
If, in subsequent weeks, a lower resting rate was found for an individual,
his SAMI was appropriately edjusted.

Tha importance of getting a reliable resting rate can be seen if
we consider an example: assume that a farmer has an actual resting rate of
50 beats perminute and that he spends eight hours of the day resting (it's
- the slack season) and 2 hours working at an average of 100 beats per minute.
His SAMI would show 24,000 beats in the slow range (480 min, X 50 beats per
min.) and 12,000 beats in the medium range (leo_min. X 100 beats per mim)

His actuel caloric expenditure would be as follows:




Slcw range

Lhl .6 Calories

i

480 min. X .92 Cel./min.
(mean basal rate)

Medium {linsar) range

120 min. X 4.53 Cal./min. 543.6 Calories
(mean cost to Fili-
pino farmer at 100

beats/min. )

H

7oTAL (10 hours) 985.2 Calories

Wow assume that the lowest puise reading we have for this farmer is
60 beate per mimuite--10 beats above his actual resting rate. Accepting
this rate, we set the SAMI threshold at 70. Assuming the same activity
pattern (8 hours of rest and 2 hours of sleep) we again accumulate

24,000 beats in the alowlrangé and 12,000 beats in the medium one. The

12,000 beats were again put in at the rate of 100 per minute, but this, the

SAMI data does not reveal. We, in fact, must find a way to determine

the average rate in the linear range as a prereguisite to computing actuval
calories, This would seem poséible by estimating the nuzber of minutes
‘in the slow range, sdﬁtractihg from total minutes, and then dividing
5eats in the linear range by the remsining time (as was explained in
Chapter II). Where true resting rate has been found‘ﬁhis works fine.

But with assumed heart rate 10 beéts‘per minute over actual resting rate,
the resulis are unfortuhate;

2l 000 beats

%5 beats /min = 369 minutes in the slow range,

or 111 leses than sctual

(halfway between
60 and 70)
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‘Thie has profound;implications for the linear range. For if 369
of the total 600 minutes were spent in the slow range, the other 231
minutes had to have been spent there.

12,000

S5 o= % beats/min.; mean rate in the linear range

This is obviously wrong since.dnly beaﬁs at a gréater ffééﬁéﬁcy fhaﬁt?ﬁfrfp
per minute were suppose +to enfer this cell. Wﬁat has happéned"is that -,

a misjudgment of resting heert rate has confused the time dimension and .
reduced the average df the linear cell to nansense. Unfortunafely, far .
too much of the daté ﬁe collécfed possessed this prdblém; c.as{::’.n,c;,fdm;xbt;-r_r_z

even where there appeared to be reasonable results.

Estimating Resting Retes

It is'becoming common knowledge among doctors, physiologists, ah£ 
other specialists that there is no such thing as _1_:_31_@_ resuing heart rai;éig:f
for a particular individual. Resting rate fluctuates from day to day A
and withiﬁ the day depending on the length and naturs of the previous.
night's sleep, psychic stress, fatigue, and a host of other variables:T
CGznerally, resting rate tends to be'lbﬁest toward the end of sleeﬁ, gradu-
ally increasing through thé-day. But desPitg this variaticn, there i; a
rather narrow band of readings for each individual which can properly be
considered the true resting rate.

lDetermining this rate is-notieas&,_particularly among tropical far-
mers; Such peofle are active vefy early in fhe day, agd it nmust be con-

gsidered an imposition to ask them to sit guietly for an extcnded‘pgriod
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so the heart rate can fall to a resfing level, There is, in fact, con-

siderable evidence that -even.such physical guiescence will not satisfac-

torily reduce heart rate. The excitement generated by visitors to the

barrio,.the demands of small children and animals, and the general anxiely

caused by actually taking the pulse all conspire to give abnormal readings.g/
< As we will see in*Chapter VII, the SAMI has recently been modified

to lessen dependence on an accurate resting rate. The "M" cell can now

be uééd as a "timer” for one of the other cells. In this waj we can know

(rether fhan défivej the actual minﬁtes_spént in the slow raﬁgg and the

1ineaf range as well as.thé number of hearﬁ beats in each.

In our macro study;zhoweférs inadequéte resting readings d4id cause
a.violation of the iimits set on ﬁﬁe linear cell, i;e.,.it is simply
illogical for a cell receiving frééuencies of 70-1&6 beats per minute to
average 52 beats per minute. To salvage the component data, therefore, a
rakeshift system was devised to free the linear cell from a time con-
straint‘impqged,by the slow range.

The estimated linear cell rate was conceived as a fundtion of the

proportion of beats in each of the three cells.

. T M 3_,_,,)
M o= T (F-:—M+S , FHMES , FS

F! M SN

E/ Some effort was made to get true resting rates by having parti-
cipants wear the SAMI overnight. However, in roughly half the cases
nightbime readings were a bit higher than resting rates obtalned during
the day. This avemue probably warrants greater exploration under more
controlled circumstances.
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These fractlons were glven coeff1cients such that a large proportion
of beats in the fast cell woh«d argub for a higher mean in M than if the

bulk of the beats were. 4in the: slow cell For example:
M = £ (.25 +5/6 P, 1/2 M', .6-3/5 S')

The three estimates of M were then evalﬁated on a weighted basié-in order
to determine the most.appropriaﬁe-figure. -

While this formula did not violate the limits of the lineer cell,
it did yiéid gome lethargic, if not impossibly low, heart rates in the
slow range. A number of different coefficients were in turn tried, but
none seemed adequate for the entire range of data.. In the end we had no
choice but to scrap the component concept and use a simple mean--total
heart beats divided by total minutes giving an average heart rate for
the entire day. It was in this fashion that the figures in Table U were
computed.

The necéssity of reverting to the grossest statistical measure does
not heighten confidence in tha final result. It lumps cardiac activity
outside the linear range with linear frequencies and in this manner estie
mates mean oxygen intake for the entire day. Component data would have
been prefersble--and a frequency distribution of heart rates would have
been even more_desirable.ﬁ/_.Butiit is unfair to pin the problems of our
estimate totally upon the inadequacies of the lowly mean. It is to the

real culprit that we now turn. .

: / Instrugents for measurlng this dlmen51on are on the way (Chap-
ter VlI) :
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Overstated Energy Expenditure: The Problem
with Heat and Durational Stress

A clue to its nature can be found when we compare epparent overstate-
ment for men with that’ for womat . - Aésuming for a moment that ggﬁggg
energylexpendlture lies half way between the FAO recommendatlon and the
consumption survey results) we f£ind our estimate for males more than 50
percent higher, while the estimate for Lemales is off by only 9 percent.
This would suggest that there was some condltlon 1mposed on men whaich
was géenerally not encountered by women.

. In retrospect, it is clear that this condition was an environmental
‘one. Whereas calibration was performed in an air-conditioned, dehumidi-
fied réém with liberal rest periods, the tropical farmer's day-to-day
exiSténcévdependS'ﬁPOn hig willingness to work under a hot sun, often _
: for'féirly lbngvstféhbhes of time. Most women, on the other hand, helpi
in the-fields only during peak periods, and spend much of their time
: indbé?s-ﬁhere the impact of the tropical sun is greatly reduced. In
addition; their work is genevally more intermittent.

A1l this has an effect on the heart rate-oxygen relationship.
Research in the area is limibed, but indicates that the heat load imposed
by a %axm environment and extended exertion will increase heart rate
:faster than oxygen consumpbicn, altering the relationship established
urder léss trying conditions (Bh, p. 277). - The effect can be seen in
figuré 11, taken from a study by IeBlanc emong military personnel. Here
'i;e-bbééf%é“that heart rate rises slowly with inereasing temperature.
'That*thé calibration slopes themselves shift was-demonstfated by Winter-

halder and Poleman emong U. S. Army reservists in May 1972 (36). Far
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FIGURE !l. EFFECT OF AMBIENT TEMPERATURE AND PROLONGED

130

120

1o

o
S

EXERTION ON HEART RATE (Subjects exercising at
different rates on ¢ six-inch plotform) ¥

£ After 60 min.
or After 40 min.
- After 20 mins

Temperature (°F)

*I‘rom LeBlanc, "Use of Heart Rate as an Index of Work Output,” Journal of

Applied Physiology, Vol. XXVI, No. 3, 1959 (p. 277).
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more damaging, however, is the effect of prolonged exertion. At moder-
ately high levels of exercise the heart rate increases sharply after
20 minutes,é/ becoming more and more estranged from the calibrated rela-
tionship.

What seems to have happened thern is that heat, perhaps humidity,
and durational stress combined to give heart rates which resulted in an
inflated picture of energy expenditure--particularly for men. Although
some error no doubt can be traced to the use of a statistical mean to
estimate heart rate, it is most probably to our inability to take into
account changing environmental factors that most blame must be attached.

Comparison of Energy Investment Under
Three Agricultural Regimes

In spite of problems encountered in accurately quantifying energy
expenditure, some distinctions can be made concerning the level of acti-
vity under different agricultural regimes. It will be recalled that some
of the participants worked lowland, irrigated rice fields while others
farmed upland acreages or engaged in slash-and-burn operations. If we
can assume the same degree of statistical snd environmental error in all
heart rate readings, we can use the implied calories as indexes of effort.
Employed in this fashion we obtain the readings in Table 5.

Labor investment is greatest on the lowland, irrigated tracts, and

least in the upland bvarrios. A general review of activity diaries bears

&/ This would seem to be due to internal heat build-up and the
onset of fatigue.
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this out. Comparing the means through a standard ¥ test we get & sta-
tistic of 5.06--glgnificant at the 95 percent level. These distinctions
cannot, of course, be considered conclusive as the study encompassed
only a quarter of the year. It is perhaps instructive, however, to look
at the averages over the 14-week period (Figure 12).

TABILE 5. MEAN ENERGY INVESTMENT UNDER THREE
AGRICULTURAL REGIMES

Towland Trrigated Upland Slash and Burn

Mean Cal./min. L.50 3.16 h.o3
Mean Cal./10-hour day 2,700 1,89 2,418

It is apparent that farmers in the lowland, irrigated areas had a
higher energy expenditure throughout almost the entire period. It is
likewise apparent that the energy investment of upland farmers was con-
sistently low. The data in Figure 12 are plotted simply in the sequence
they were recorded. An effort to correlate the weekly energy means to
an agroncmic cycle was made, but yielded little: in nearly all barrios
there was considerable overlap among agricultural tasks; and activity

on a given day was significantly influenced by weather patierns.

The Social Acceptability of the SAMI

Whether unsophisticated peasants would accept the procedure was
initially unknown but of obvious importance to the study. Prior to the
Philippine experiment, SAMIs had been used mainly in the Western world,

chiefly on university students and cardiac patients. And although the
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FIGURE [2. ENERGY INVESTMENT UNDER THREE AGRICULTURAL
REGIMES : WEEKLY MEANS ¥
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The inexperience of the technicians and uneasiness of some participants
would suggest that the data for the first week might be best ignored.
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instrument is much less cumbersome than earlier equipment, it does require
a short series of placement tests, minor abrading of the skin, and a cali-
bration away from the barrio.

The SAMIS were well received bj nearly all participants. Only one
farmer canceled his participation before the end of the study. Murmers
of discontent were heard from only two others. Most, in fact, seemed
to enjoy the experience. SAMIs and SAMI jackets were conspicuous enough,
however, that most ccopefators shed %hem before golng to nearby towns--

not to mention weddings, funerals, and other major events.



CHAPTER VI, THE MICRO PHASE: VEASURING THE
EFFICIENCY OF ALTERNATIVE TECHNOLCGIES

The trials conducted on IRRL plots were desigped to determine the
labor reqﬁirements of major tasks in paddy rice prgduction under several
different technologies, Due to breakdcowns of the monitoring equipment ,
it wag not possible to examine all the technologies listed ih Table 3
(Chapter IV), nor to conduct as many repetitions as desired. Nonecthe-
less, some trials were run on each of the major farm cperations.

Unlike the macro phase, only one cell ("A") was used in the IRRI
gstudy. This was because trials began at Tield's edge and stopped when
the cooperators ceased working. Thus we could assume virtually all acti-
vity to be in the linear range and use a simple average to esitimate
oxygen.

Tables 6 through 9 summarize the results. Though subject to the
same ehvironmental distortions discussed in Chaptef V, the effect may
not be congistent since. the length of the trials varied--most lasting

about two hours, but a few for as little as 10 minutes,

Energy Costs of Land Preparation

The two basgic tasks of land preparation are plowing and harrowing.
Table 6o indicates that the stress involved in plowing seems to be simi-
lar for both carsbac and tractor plowmen. However, the greater speed of

the hand tractor sharply reduces total effort per hectare.

6l
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TABLE 6a. ENERGY COSTS OF LAND PREPARATION
ALTERNATIVES; PLOWING

Carabao Hand Tractor
Coop- Man-Min / Man-Min. :
erator  Cal./Min. per Ha.~ Cal./Ha. Cal./Min. per Ha. Cal./Ha.

1 3.7 2,784 10,M12 3.99 812 .~ 3,240

2 5.17 2,784 1h,393
Ave. 4,h6 2,784 12,405 3.99 g12 3,240

With so few trials it would be pointless to sttempt statistical
analysis. Human variability is so great, even from the standpoint of
basal metabolism, that two men can be doing the same work under the same
conditions at very different energy costs. In order to get a meaningful
average in situations such as this, a larger sample is needed.

In the case of herrowing (Table 6b), there is some indicaticn that
the per minute energy cost is greater Tor the tractor operator. Here
as in plowing, however, the speed of the tractor results in much lower
total energy cost., This margin would be doubled by the comnon belief

that one tractor harrowing is worth two by a carabao.

1/ 1In this, as in several subsequent tables, the man-minute/hectare
figure may be identical for two or more individuals. This is because
in some trials more than one individual was involved. Though the calorie
expenditure can be separated through the use of two SAMIs, it is far
more difficult to ascertain the area covered by each man. Thus calories/
hectare is determined by multiplying the same total man-minutes by indi-
vidual energy costs. :
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TABLE 6b.. ENERGY COSTS OF LAND FREPARATION
ALTERNATIVES: - HARROWING

R C alr~a bao- . .. Hand Tracitor
- Coop- Man-Min. , Man.Min.
erator Cal./Min. per Ha. ~Cal./Ha. Cal./Min. per Ha. Cal./Ha.

'1 y7 0 gho L,007 0 k.77 225 1,073
2 3,40 gho 2,856 6.89 210 1,bh7
3 .03 1,127 h,sh2 3,94 " 302 11,190
h 3.49 1,27 3,933

Ave. 3.9 o8k 3,835 5.20 . 26 1,237

Friergy Costs of Seeding

in contrast to land preperestiorn, the stress of seeding appears

to différ markedly depending on the technology used (Table 7). The two
“transplanting trials invol%ed gseven and four laborers respectively, the
findings for whom are averaged for each group. The data indicate that
transplanting is only ﬁalf as taﬁiﬂg as hand broasdcasting., While ab
firsf glance this miéht seem unlikely, it should be recognized that
whereas transplanters'mainly stand and stoop, broadcasters must walk
through rather deep mud at a moderate pace.

Mﬁéh more taxing than either transplanting or_broadcasting is the
mechanical seeder, an experimenfal hand-drawn alumimin implemeht which
plants eight.roﬁs at a time. (Indeed.the mechanical seeder.seemed_to '
requlre more effort (16.5 Calq/min;) than any other task and technology

tested. The draft is so great that there is some discussion about modi-

fying the implement,
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Column three indicates that both mechanical seeding and broédcasting
are far less demanding than fransplaﬁting'from the standpoint of calories
per hectare., These tpchnologles, however, are not strietly comparable.
The jcbs of land preparatlon and water control need mach more attention
when land is dlrectly seeded, On the other hand traqsplantlng necessi-

'tates a nursery, the cost of whlch is not 1nc1uded in the table.

TABIE 7. ENERGY COSTS OF SEEEING ALTERNATIVES

Cal./Min. Man-Min./Ha. Cal./Ha.
Trahsﬁlanting
(Ave., 7 laborers) 3.00 6,79 20,376
{(Ave., b4 laborers) 3.31 5,538 18,331
Average 3.16 - S 6,165 19,354
Broadcasting
(1 laborer) | 6. 74 187 1,260
Mechanical
(1 laborer) | 10.58 200 2,328
(1 laborer) 10.53 - 285 . 3,001
Average - 10.56 . 253 .. 2,665

Energy Costs of Weedlng

Table 8 summarizes the caloric cost of weedlng u31ng four alterna-
tive methods There seems to be little difference in the effort requlred

by the various technologles. Great differences are, however, apparent
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in the total cost per hectare, This again is a reflection of the time

needed to complete the task.g/

TABLE 8. ENERGY COSTS OF WEEDING ALTERVATIVES

Cooperator | Cal./Min. ~ Man-Min./Ha. Cal./Ha.
Hand ‘
1 6.84 4,610 © 31,531
2 5,31 4, 7hy - 25,205
Ave. * 6,08 4,679 - - 28,368
Rotary : i : v :
— 1 | 6.99 1,826 . © 12,755
2 5.71 1,750 9,993
Ave. 6.35 1,788 11,374
Power
1 7.63 609 4,647
2 7.87 812 . - 6,390
Ave. 7.75 Y ANE 5,519
Herbicide ' o
‘ 1 6.84 86 - 588
2 6.00 11k e 684
3 8.71 69 - 601
b 5.85 o1 53k
Ave. 6.85 o0 . 602

Fnergy Costs of Harvesting

Harvest consists largely of four tasks: the cutting of the standing
grain; hauling it from the field and piling it in a place suitable for

threshihg; the actual threshing; and winnowing. Measurement of all these

2/ As in other operations, the effectiveness of these methods may
vary. Although it is possible to weigh the weeds left at harvest, it is
indeed difficult to scale the impact of the treatment to the energy cost
of applying it.
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tasks was hampered by the unevenness in yields due to an attack of tungro

virus on the IRRI plots during the sampling period. For example, the

straw output of a diseased field is likely not as severely reduced as
grain yield. Thus on a calorie-per-ton basis, the energy cost of thresh-
ing.a.devasta$ed field is huch gréater than for a bumper‘crép;'

_ The regults of ‘the cﬁfting, hauling,vand plling ﬁaskéléfersummariZéd
in TableIQa.;;Q;tting wastall done by usge of a sicklg% and of course mant-
ally hauled énd.piléd. Man-minutes per hectare varied sharply-écéording
to the cropts stand, and these are reflected in the total calorie'figurés.
Four trials with the respirometer yielded an average-5,56 Calories per minute
as against the 4.69 Calories derived from SAMI data.

TABLE Qa. ENERGY COSTS OF HARVESTING:
CUTTING, HAULING, AND PILING

Cooperator Cal./Min. Man-Min./Ha. Cal./Ha.
Cutting (sickle) y

1 - 5.28 2,680 1,150
2 3.78 - 5,132 19,399
3 Lo 6,356 26,060
L k.89 - 4,192 20,499
5 5.38 2,868 - 15,430
Ave. 469 4,245 19,108

¢+ Havling-Piling _
h ' 1 5.07 592 .. 3,001
2 5.32 3,242 17,247
3 5.36 2,207 11,830
L Y. 87 2,898 - 1k,113
Ave.é/ 5.18 2,782 14,397

§/ This excludes the first cbservation, made on a severely damaged
field in which most of the grainless straw was left standing.
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‘yggge_9b indicates the results of the threshing trials. Two sys-
tems of threshing were considered:- 1) the traditional method of beating
bundles of the cut plant against a wooden frame (hampasan); and 2) the
use of an implement developed at IRRI which employs a jaded whéé17powered
by a motor. The data show the IRRI table thresher to be only slightly
less strenuous than the traditional system. This is intuitively puzzling,
and leads to the notion that perhaps the use of this equipment--a bit
strange‘to-our cooperators--may have raised heart raté above physiologi-
cal requirements.
Respirometer trials were -conducted on the frame thresher with an
average reading of 5.48, again slightly higher than the SAMI results.
The graln welght in all trials was adjusted to 14 percent moisture. But
because of the variébility'in yiélds, the celorie pe? hectare Tigures
are virtually meaningless.

TABIE Gb. ENERGY COSTS OF HARVESTING:
THRESHING ALTERNATIVES

Cal./Min, Men-Min./Ton Cal./Ton
Table thregher .
Eﬁve., 4 laborers) 3.73 gak S 3,297
Ave., 3 lzborers) L,36 2,666 ) 11,62k
Average 4,05 1,775 7,461
Frame threshing ‘
THampsa.san " 7
(Ave., 3 laborers) . 5.20 ... : 980 - - 5,09
(Ave., L4 laborers) 5.28 2,608 14,245
(Ave., b4 laborers) 3.96 1,983 o 7,853

Average _ k.81 ... 1,887 e 1533065
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Several trials were conducted on two different systems of winnowing,

but no meaningful results were obtained.

Applications of Energy Cost Daia

Although problems of disesse and sméllness of sample preclude use
of our data for labor budgetry exercises, the applicability of the meth-
odology seems clear. Governments committed to reducing unemployment
must in the future evaluate investment alternatives in terms of employ-
ment generation as well as yield maximization. From extensive trials
.of this nature, tables linking labor utilization with a wide range of
technologies--and combinabtions of technologies--could be construecteds
and from such tables it would seem possible to work toward the creation
of optimum labor-land ratios at different levels of technical input.

One could, in short, determine the labor-use elasticities associated

with alternative development strategies.



CHAPTER VII. HELP IS ON THE WAY - -

We have learned a lot about the tropical farmer since World War II.
We know his life expectancy, income, and level of education. We know
what crbp fqrieties he sows,-the amount of fertilizer he applies, and
the harvest he reaps. His soil has been classified, his social order
sﬁratifiedé,and his creditors vilified. .fét we know painfully little
abouk the‘paqe'of his day +to day existence. |

Both nutritionists and economists néed such information, and in
their own Wéys have set about getting if.l Nu£ritionists9 cut to refine
caloric standards, have wrestled with théméfop watch-diary-Ki téchniquééfk
Its drawbacks; however, have only'sﬁstaiﬁéa.tﬁé‘popﬁlaritympf the con-
sumption surféy. | :

Economists, on the other hand, want to understand labor use. Gues-
tionnaires have been devised to expese the work calendar; production
theory has been deployed to ferret out "disguised” unemployment. But
these techniques often seem culture-bound. They have, at any rate, been
unable to substantially enhance our knowledge of activity levels in the
rurél tropics,

This is not to suggest that questionnaires, traditional theory,
activity diaries and food balances should be abandoned. What does seem

apparent, however, is the ample scope for new techniques. The use of

72



73
phys1olog1cal tools and relatlonshlps would appear to be a reasonable
eoproach to the problem, and it was in this splrlt that the Los Banos
study was conceived.
The Phlllpplne experlence 1dent1f1ed the major strengthe and weak-

nesses of the methodology

1. The SAML seems to be socially acceptable.

£io-

While this may appear to be of small consequence, it is not rﬁﬁo
energy monltorlng system can be effective if it is uncomfortable and/or
embarrassing to wear. And earller dev1ces--from,the wask over ths face

to the antenna up the back--were just that.
| The SAMT, however, encouragas normal behavior--a prerequ151te tor
accufate energy study Within minutes after being placed in the pocket
it is generally forgotten. It does not hinder the performance of any
task, if is.concealed from the public view, and it allows ug %o reoord

activity in circumstances unaccessible to the technician.

‘2. The heart rate-oxygen relationship appears to be linked to physical

“‘and occupational variables

It has been known for some tlme.that the heart rate ~oxygen relation.
ship is unique to each individual. Analysms of the slopes of 100 cali-
brated Filipinos indicates that fhe nature of thie reletionship can be
largely explained by a few physical and occupaticnal varisbles. When
occeupation is such as to imply a uniforﬁ level of physical conditioning,
height, weight, sex,‘anq occupation yield a siope the'confidence bands

about which are surprisingly narrow.
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The sigh;ficance of this is that once regressién.coefficients aré
established forha particular éfoup of tropical farmers, accurate heart
”rateroxygen'éioﬁes can be generated for their neighbors without ?ﬂtting
them through the calibration process. This wou;d permit a much brqg@er
sampling of the population as well as eliminate the”least comfortab}gr

aspect of the methodology.

3. Irndirect, indirect calorimetry, as tested in-the Philippines, is an

inadequate indicator of physical activity.

There is no question that the methodology'ovefstafed the energy -
expenditure of thé Filipino male. The more reasonabié reéﬁlts Trom
Filipino women and dataﬂfrom-severdl independent studies suggest that
the mﬁjor reaéén wasra;ahift in the heart rate-oxygen relationship which
the monitoring devices were uheble to take into account. As external
temperatures rise theré is d quickenring of the ﬁeart rate.yithout a
corre5ponding.increase in oxygen uptake. This efféct.is‘aggravated it
work continues for long, uninterrupted periodé.

Contributing to the misstatement of energy éipenditure_was‘éuf
inability to get reliable resting rates from-which avg#agehhearﬁjratgs
in the linear cell could be coﬁputed. HEven whefé restiné_;ate ig ihown,
however, there is an unavoidable margin for errof ﬁhen the simple méén
mist be used as an estimator of oxygen for all time spent in.thellinégfi
range., |

Both these problems were compounded in short trials by a basic
mechanical problem. The small electrochemical cells which the SAMI

system uses to count electrical impulses given off by the heart can



75

also accumilate charges while laying in a drawer or carried in hand.
Although the number of charges accumulated in this Tashion are of little
consequence in a 10-hour trisl, they may be extremely misleading in a
10 or 20 minute test.

Fortunately all these problems are amenable to solution., A modifi-
cation to the SAMI known as the "Garrow Specification” greatly lessens
dependence on a reliable resting rate. Illustrated in Figure 13, it
has the "A" cell collect all beats as before, but alters the responsi-
bility of the "F" and "M" cells. "F" collects all beats above the
lower threshold (adjustable from 7O to 120 beats), while "M", acting as
a timer, monitors the total minutes in this range., Thus the average
rates in the linear and sub~linear cells can be computed with precision.
In the process the upper threshold is eliminated, but as we have seen,
this is hardly a signhificant loss.

An instrument with even greater promise is the SATR,é/a miniature
cassette recorder which semples heart rate at one-minute intervals.
Deployed in prototype stage among farmers in Ceylon in Summer 1972, the
SATR not only eliminates E-cells with their bothersome spuricus charges,
but yields a frequency distribution of heart rate which will serve more
accurately than averages as an indicator of oxygen uptake.

With mechanical and statisftical problems largely solved, there
remains the distortion of physiological relationships caused by heat
and durational stress. In its present prototype the SATR will accept
up to three inputs and can be modlfied to receive up to six. Sensors
exist to record ambient and skin temperature, and work is in hand on

one to reflect posture. Monitored simultaneously with heart rate, these

&/ Socially Acceptable Tape Recorder, again the brainchild of .
H., 5. Wolff,
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may well enable the investigator to distinguish between work-related
heart beats and those stemming from environmental factors. If they do
not, it may prove necessary to discard the Calorie as the unit of acti-
vity. The SATR opens up the p0551b111ty of substltutlng percent 1ncrease
over resting rate or.some other measure of stress, \
What seems clear at this point is ‘that a knowledge of physic;l acti-
vity in the low-income world will bhe éf increasing‘iﬁpoftance. The .
develqpmgnt off techniqueé which are”able'tofmeasure it cannot be over-

emphasized.
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