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1. I8TAQNUCTIUR

Research in human encrgy wetubolism started with the
discovery of the guseas, oxysen aml carbondioxide, ‘“haedon
(195933 reports th.t the significance of reupirstion in the
utilisation of food energy was first demonstrated by Lavoisier.
It was Lavoisier who first underatood the importunce of the
chemical identity between tae oxidative process happening in
a guinea pig, and in tue burning of carbon in a candle flame,
Lavoisier extended his studies to huaan beings and in 1749,
determined their oxyzen consumption at rest, and work, He
noted the increases in energy consunption froa the ingestion

of food and work,

“hernan (19$0)2 points out, Pivery act and movement of
1ife involves in terms of physics, a transformation of Rrgy.”
Cavp@§*?&957)3 states that energy is expended whnnnv:r work is

performed by the boay; regardless of the nuture of work whe-
ther 'voluntary' such as walking or eitting, or tinvoluntary*
such as circulavion of blood or respiration.

Energy has been defined in numerous wayas. Bratton
(1959)% defines energy &3, "Internal or inherent power; capa=
city of acting, operating orf producing an effect whether exer-
ted or notj power efiiciently and forcivly exertad; rigorous
or effectual operation.” Thus any type of action whether per-
formed consciously or unconsciously neads energy.



The energy expenditure of thM appears in the form
of neat, Inerygy asusureaents are m&efora conveniently
expres.ed in terms ol heat, the unit 'calorie'. ‘hgnnn
(1946)? defines the nutritional Calorie as "The amount. of
heat which raises the teaperature of ons kilogrim of water
througn one degree centigrade”.  tnergy ie also measured
in terms of cubic centimeters of oxyzen per minute, Bratton
(1950)6 has ahown that oxXygen consumed is directly propor-
tional Lo eneryy expenditurs.

Interest in the study of emurgy expenditure in various
activities began % increaséd sharply during the ‘aorld War 1X
when nutritional reguirement of individusls and energy costs
of various industrial and household activities were deter-
mined for the British Workers (1959)2, The innovation of
new tochnigues %o measure energy in terms of oxygen units,
solved many of the problems of enargy met:boliam, They have
facilitated studies on energy experditure, making them ver-
satile and flexible.

ansd 2t

xnoulemtl%s)" upound;, "the coneept of human energy
as & resource in management, is the broader concept of energy
and not the one o: calorie expenditure, Attitudes, interssts,
skills and physiological comditions of the circulatery and
nervous aystea are the other factors, not coversd in the labo-
ratory measurement of energy metabolisn”, iperefore, while
studying the energy cost of household activitiea, the concept



of human energy is always given importance, The energy coat
of an activity depends more on how a4 task is done and not just
on the nature of the task purformed. 1In a home, where the
homenaker is pressed for time, 1t 1s essential for her to have
a clear ides of her own limitations of energy.

Devadas (1959)8 clainme, "No profession iz s0 diversie
fied as that of a homesiker." “he describes her role as a
doctor, nurse, psychologist, banker, tailor, cook, nutritionist,
caterer, gardensr, governor, Oéucatioaist. econonist, home-
manager, companion and social worker, All theas jobs m«ke a
heavy demand upon her time andensrgy. Therefore, she needs
to know the methods for effective use and conservation of
energy. Goodyear and Khlor (195L)9 state that conservation
of energy means a saving of time and vice versi, Lonservae
tion of energy is possible if the homemaker recognizes the
demands oh her time and enerygy and organizes her activities
accordingly. “implifying work methods, and evaluating their
results will help in conaerving snergy.

Conservation of energy ias one of the goals of the home-
makers. Techniques of work simpliiication help to conserve
eneargy amd time,

Research in energy expenditure has been of interest to

imdividuals hnvingémany desande on their time and other re-
anc] €lliok .
sources. lnaulgaﬁ(l961)7 pointd out that this sudden interest

L



has been aroused due to three reacons; household mechaaniam,
increasin; numbur of home-muker: Saking up outside careers,
and the realisation of the need to rehabilitate women with
physical handfcaps wuch as arthritis and cardiac diseases.

The duties und reaponsidbiiities of the home-maker in
the present day world have increased tremendously. Hesides
attending to the normal household chores, they are expected
to fulfil many social and normal obligations, The national
emergency situation demands thit the homeemakers do their
best for the protection of soldiers in addition to looking
after tneir homes., Homs-makers who ars members of organi-
sations such as the Mahila Mandala, the Zharot Tevak “ama)
and red vross and the Fanchayats need to manaze their energy
effictiently,

The energy cost of many of the housshold activ ties,
whow that even heavy tasks demaniing considerable energy
expenditurs can be lizhtened by employing better tochniques
and eguipment, 50 that the hume-maker can have mere time and
energy at her disposal to dischargs her many responsibilivies,
Knowledge of the snergy costs of the comuon household tasks
will be of great use in planning work and simplifying the
monotonous household tasks, “uch knowledze 13 not available
in India,

The aim of present siudy is %o Iind out the oxy:en
consumption involved in periomaing fowr selected household



tasks, using the Fofranyi sichuelis ..espirometer amnd Beckman
Juxyzen Analyser, Ihe study 48 « comparison of the '.onvene
tional method' ol work with an ‘iamproved sediiod' of work lor
each tazk, The {our comion household taske selected are:
(1) cutting a green plantain (2) grindin, soaked rice (3)
sweeping the floor and (4) rinsing a napkin.

It is hoped thut the [indings of this study will start
a series of investigations into all aspects of enorgy aeta-

bolism in rulation t¢ iifferent typac of taska,
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purposes, it is only aince 1900 that managenent has svolved
as a special field of study and as an explicitly identified
area of human behaviowr, Hiebel (1960)23 constders that
nanagement is not a thing apart but is basic and applicable
to all area of family 1ife. According to Me Forland (1958)12
management principles were discovered and not invented, Tough
the management principles have existed all along, the awaro-
ness came later, He furither astresses that management 1is the
keynote of all business activities, and one of the avenues of
social progress, Management is dynamic and senaitive %o the
currents of inevitable social change.

fhe principles of mana:ement c¢an be applied everywhere.
In a hone where & homeemaker has to work froam dawn to dusk,
a conscicusness to apply mansgement principles is essential.
Groes and Crandall (1954)34 agsert tnat conscious home manage-
ment is an art, Stressing the iamportance of home management
in the home, Gross and .randall (1954)1%4 declare thut "home
management Lo @ greater extent than many other {ields of aube
ject matter, cuts across different areas of living, for it is
concerned with the way in which a family uses all its resour-
ces", According to Devadas (1959)8 homo mANA ement consists
of making the bast use of the available resources both human
and material, Management in the home includes management of
money, materials, enoryy, skill and avilities. Hoyt (l?&ﬂ)ls
considers that "ons buys the quality of one's life with one's



time, energy and money". Good Year und Xhlor (1954)? have
esphasized the important relationship of resources tc the
proceas of realizing values and goals, through the effective
use of human and material resources. Managing means having
control over resources, to organize, guide and direct their
use and be responsible for the results that follow,

C. Eapily Resourgne:

According to Malone (1958)30. the need for manageaent
arises uhenqvor there are resources to be used and choices
to be made on how to use thes, Gross and Crandall (1954)1e
classify resources available to a fumily, under two cate-
gories: human and non-human, The human reacurces include
time, energy, Lntqéesb-, abilities, skills, knowledge and
attitudes; and non-human resources include mouney, material
goods and community facilities, They further claim that
these reaources become important in proportion to the extent
they are limited. The inevitability ol these limitations
must be accepted., Hisbel (1960)13 clarifies that rescurces
are interrelated but limited; for oxample; the relationahip
between energy and time, Malons (1958)10 srates thet home
management requires more human resources thun any other type
of management, The home-maker is the guiding spirit in the
home. “he carries out all haer dutiez and responsibilities
for the alround develoyment of the family. Hence, the manner



in which she combines her human rasources, namely, money and
matarials, go a long way in making the family happy.

tnergy and time are inmterdependent. They go Loge-
ther in any task perforued, However, the limitations of
energy is differsnt from those on time, The amount of
energy or the capacity to work, differs from person to per-
son, while the time available to all is the same, that is,
2, hours in a day. Sickell and Doraey (1960) 16 report shat
the amount of energy each person has for use, deperds on his
physic:l heritage, mental and physical heslth. DBesides -
these, physical fatigue and the mental approach of the home-
maker towards a certain job also affecta the use of unergy.
Energy and time are reguired simultunsously in a task per-
formed, 8y conserving ths snergy which is {rejuently wasted
through inefficient practicea, opportunities for achieving
personal family :nd social goals, can be increused and the

monotony in repetitive tasks eliainated.

In order to make working hours more productive, crea-
tive and pleasant, the home-maker should have an ldea of the
energy cost of the housenold activities wnich she perfomms
daily. The energy costs, in terms of calorie expended,
show tiae lightness of severity ol a task, Nicksll and Cole
aey (1960)15 are of the vie« that bettur management of energy
will be accomplished if the relationship between encrgy -
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expenditure Lo Lis stages of family life cycls, the enwrgy
expanditure on the various activities, the importance of
rest periods, t.mirole of plamuing, controlling and evaluat-
ing in ensrgy manugesent areg understood.

Fasemore (1956)17 states that tis ®a jor couponunts
of energy expenditure can be classified under two catsgories;
namely, "Snergy at iest™ and "inergy at hork”.

Ans] at :est:- {he ensrgy ne-ded by tne bady ahen
it 18 at couplete rest is known as the basal energy require-
aent or energy at rest, Ths ensrgy needed for the mainten-
ance and promotion of internal activities is known a8 the
basal metabolic rate, Accoriing o “herwman and Landford
(1957)18 npasal Metabolism is a term often applied to the
rate of expenditure of energy by a person awake, lying atill
at a comfortable tesperature and wio has taken little ol any
food during tihe past twslve or fourteen hours 30 that little
digestion or absorption of food maturial ia tuking place at
the time of observation (that is, in the ‘post-absorptive’

m&@;'c

¥ilander (1751)19 deiines "3asal Metubolisa® as "that
amount of energy rejuired to msintain the body functions which
continued in o eration wnen the body 18 at complete rest bLut
not aslssp.” The internal functions of the body include



u -

cdroulation, breathing, digestion, the maintenance of the nor-
mal teaperature of the body and the activity of the glands,
herman (1952) %0 says that the Basal energy metuboliaw, for a
Zlven age and size i3 used as the startin; polint for the cale
culations of the total energy recuiresent of individuals of
different muscular activities, and also as a basis of coapa-
rison in Pathelogical disturvances, or in studies of the influe
ence of age, sex, race or of disturbances or immediate enviroo-
sent, The greatuer part of the basil heat production is thought
tc be due to oxidation in the reating tissues, principally in
maintaianing the tone of the skeletal musceles, 1In the healthy
adult, thqbasal metabolisa dopends chiefly upon the intenaity
of these interaal processes, the asize, shape and composition
of the body.

1

Benedict (1952)%° nas concluded that basal metabolism
of an individual amay be conajidered as quantitatively deter-
ained by the total mass of active protoplasm tissue, and the
toilal stimulus to cellular activity existing at the time of
the measurement of the metabolism. He says that the factors
causing variations in the stimulas tc cellular activity are
age, sleep, prolonged rest.ng, character of the diet and often
the effect of several amuscular work,

There is a vaat litersture on the efflect of age, sex,
body siszs, growth, nutritional status and race on the basal
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metabolic rate, Many thousands of individual data havse been
subjected to statistical analysis and a diversity of conclue
sions drawn as to the effects of these variables, A brief
deacription of some of theses variables in relation to the

basal mstabolic rate is given below:

influence of >ige, “hape and Body composici.n:ie Dakshe
ayani gt al (1962) 21 pas studied tne body composition of nore
mal wosen using .enedict noth ‘pparatus., They have enumerated
the effects of body compoaition of the basal metabolic rate of
woman, Taylo;“?;§d }2< states that due to the great seat of
energy exchange in tie muscle the individuals of exactly the
same weight and height and consejusntly of the same surface

ares may stilli differ in basal metuboulic rate,

23:~ The work of muintsine

L]

ing the respiration and circulation obvicusly involves a contia
nuous expenditure of energy. Murlin and Greer (1952)43 eaphaw
sisze the close relationship of the heat to energy reqguired for

the tissues, For the production of heat the supply of oxyzen

is needed, A large factor is basal metabolism is the mainte-

nance of auscular tension or tone ( herman 1952)29,

Benedict and Talbot(1957) <%k

concludad that the basal metabolic rate was greatest betwsen
the ages of one and two when expressed in calories per unit of
weight or sigze, Krogh (1952)25 attributes the regular increase
in basal metabolisc in infancy to "the developaent of the mus-
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Specific Uynamle Action of fopds;- ‘twater, Hengdict
and subner (1952)28 studied the effects of specific dynaaic
action of [ood over basal metubolic rate by aeans of a respi-
ration calorimeter, They found that the focd intake of the
iniividuals aflected the basal mstabolic rale. ubner found
thit each type of food exaerted more or less specific influence
upon the energy ametabolisam, so that when the {oodstuffs were
fed separately, somewhat diiferent energy values were re uired
for the maintenance of body eguilibriunm, Lusk and his co=-
workers (1952)29Y investigated the influence of the foodstulfs
upon metabolism and culled it "specific dynamic action of -
food".

Influence of Sex:- Benadict and Talbot (1952)30 nave
found no difference in the basal motubolic rate of boys and
girls of the sume age, until they reached a woight of 11 kiloe
grams or a surface area of (.48 squareaster. Deyond a weight
per kilogram, the body maintains a poraistently higher rate
which is not apparently due at the early age to greater mus-
cular developments. Tayloer (1956)42 nas cloarly said that
thers 18 not significant differsnce in basal metabolic rate
due Lo sex hormones., enstruation has little influence on
basal metabolic rate. Uth:r factors aflecting the basal
metabolic rate are ths climatic conditions, and the nntritiqg
status of the subject, ﬁukharjtﬁmgfzggSBI after deternining
the basal metabolic rate of 18 Bengall young men, concludes
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that low met:bolism of Bengali is perhaps due Lo climatic cone
ditions and nutritional causes, A sinilar atudy by amabae
surchi (1962)3% has shown taat the basal metabolic rate of
children was lowsr when undsrnourisihed, than whsn their anutri-

tional status was iaproved,

Bnergy at Work:- Tiem daily activities of life involve
muscular work, which necessitates energy expenditure, 7The
energy expended, while maintaining the body in a sitiing or
standing position, is amaller than while performing more
active work auch as walking, clishing stairs, or lifting

abjects,

Langworthy and Barott (1920)33 studied the energy-
expenditure of a sul ject, while perforaing some of the house-
hold tasks; namely, knitting, darning, sewing, iromirng, -
dresaing an infant, washing towels and sweeping the floor,
They found that sweeping and washing were the most strencus
activities, Swartz (1933)3% worked with the selected tasks;
paring potatoes sittiing and standing and kreeding dough at
different neights, and under different conditiona thus desig-
nating the tasks as "light", "moderate™, or "heavy", accord-
ing to the energy expenditure involved, According to Cwars
tz (1929)35% running a vacuum cleaner at a speed of 1/2 foot
per second reguired 55.5 calories per squarameter of the body
while running it at a speed of 4 feet per second reguired

146.3 calorisa. Gross and crandall (1954)%% show that work
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speedily done, involves higher encrgy costs than the same work
done slowly.

Nickell and Jorsey (1960)16 poiat out that t.h#bul‘n
body requires certain auscunt of snergy for the maintenance
of muscular tension and involwntary body processes such as
respiration, circulation, secrstion amd excretion. This
energy, when the body is at rest, is known as resting cetae
bolima, The acount of energy used in performing any task
is this restin; metabolic rave plus the snergy reguirement
foxftho task. The difference between the ensrgy output at
rest and at work gives the :neryy expendsd in the porfaman.co
of the task., In soma studies on energy expenditure with
regard to sitting, astandin:, walking and other tasks, is
measured by deteraining how much oxygen is consusmaed per aminute.
The data onh oxyzgen consuaption may eithaer be converted to calo-
riea per squareseter of the body area per hour or per kilogram
or par pound of body weight per hour,

An understanding of the nature ami causes of fatigue,
ites influence on t . .e mentul and physicil sf{ficiency is essen-
tial in bandling problems comnected with tims and energy mana-
genent, Hickell and “orsey (1960)16 state tnat research if
rocent years in the fields of physiology and industrial aanage-

sment has given much iniormation on the causea and control of
Latigue,
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Fatigue manifests itseslf in two difierent but clossely
related forms; i, Fhysiologicul fatigue and 11, Faychalégi-
cal fatigue. ihysiologicul fstigue results from fesling of
tiredneas or feeling of weuriness, and Jecreased capacity of
work. Burt (1954)36 reports that *feeling tired is a very
comnon experience after stremucus or nonotonous work.' -
Tiredneas is a general feeling of weakness which comes after
physicil exertion, and exercise, of a wide range of auacles.
They in:icate th.t tiredness is the physiologicsl changes
resulting from work., Therefore, such feeling of fatigue
gives little or no inuication of the energy expenditure.
Haggard and Greenberg (1954)37 define physiological fatigue
as "incapacity for exertion induced by previous exertion®.
Physiological fatigue results in bodily changes such as ine
complete oxidation of glucose which can be measured through
laboratory methods, for determining the lactic content of
muscles. ¥nowles (1946)38 found that w=omen, who ironed at
the standard 31" height, described their feelings as tired
or very weary after three hours of ironing and located pains,
aches and strains on the back, feet and legs., The same =
women, ironin; at preferred height dsscribed the feelings, .
as somewhat or rather tired or very weary without many come-

plaints about aches, excepting for two times only.

Much of the fatigue experienced in daily activities

is of paychclagical'ﬁéture. Bartley (1954)39 defines suen
v

fatigue as, "Fatigue or tiredness is but one of the many
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reactions of & person as & whole to a situation as he cons-
clously or unconsciously interyrets and evaluates it, Fatigue
is simply one form of ina.equicy to mest the demands the pere
s0n recognizes.” It 1s expressed inm both bodily feelings and

aversaion to work,

Barnes (1954)%40 points out that rest periods are desir-
able in many types of work, both heavy and light, Nickell
and Dorsey (1960)16 indicate that reat, puausas and wisely
spaced periods of work, help to prevent excess fatigue and
inefficiercy., The reasons are, that rest periods help to
increase the amount of work done a day, decrease the variabi-
lity in the rate of working, and tend to eﬁcouraae the operated
to maintain & level of performance ne.rer to its muxioum,
Rest period need not be complete cessation of work, If rest
is maximum, the worker lies down and relaxes completely, «
because reclining reguires less expenditure of emergy than
any other body position, “tudies in industries hive ashown
the venefits of including rest periods in the increasing capa~
city to produce more. “ince the home-maker performs a variety
of tasks in a single day without any record of her energy oute
put, her needs for rest cunnot be visualized, YWissly distrie
buted workins hours, interspersed with short rest periods, will
increase highly the productivity and maintain the work pleasant,
througnout the day,



hccording to Gross and .randall (1954)34. three fupor
tant elements of energy sanagement are, namely, planuing, con-
trolling and evaluating. Flanning energy is not as concrete
as planning other material resources, Flanning energy 1s
blended witn planning time, becauss both are simultanaously
needed to do a job., Xnowledge of energy costs of the house-
hold tasks helps in planning energy so that home-makers can
alternite heavy and light tasks avoiding exertion. [Bratton

(1951)%) Considers "Your own body constitutes your most impor-
tant item of houschold equipment.”  She considers that develop-
ing akills in using the body effectively, based on an under-
standing of how the body functions, will help in controlling
energy. Hickell and VDorasey (1960) 16 consider an awarsness of

one's feelings and attitudes towards fatigue, helps in con-
trolling a work plan in action. Knowledge of the body meché-
mom is useful in controlling ensrgy in acvicn, They further
explain that 'Body mechanics' is a term gradually replacing pos-
ture, because it includes the body in motion &3 well as in w
standing and sitting. The word mechanics auggests a relatione-
ship to the functioning of the body., The principles of bedy
mechanics include keeping parts of the bedy in alignsent cobe
sidering ite centre ol gravity, and the object held. Keiser
(1962)42 declares that good posture during work of amy kind
results in less muscular effort, thus reducing the feeling of
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fatigue, According to Hickell and Dorsey (1960)15, the most
confortablﬁ body position while working eases the body and re-
lieves strain, They suggest that the leg muscles being -
stronger than back muscles, should be used for lifving loads,
through the use of "knee-bend"” instead of "trurk-bend" or "back
bend”, and arm wmuscles instead of wrist and hand wmusclss,

Balanced raythimic mcvements help to avoid strain, Gross
and irandall (1954)M gtate that "rhythaic performance may be
defined as the repetition of movement at Lhs same teapo.”
"hat i3 called the dynamogenic effect is & furtner explanae
tion of the pleasure of rhythm in re:ucing energy-cost.” Burt Gagf®
claims "There is fundamental econowy in rhaythmicsl performance;
in that we get & repetition oi the act without necessarily a
repetition of the impulse.”

The history of tho measursnent of energy-setabolism can
be traced to the eightesnth century. Lavouisier, :wbner, Doug-
las, Pattenkofer, Atwater and benedict wers the outstanding -
exponents in the field of energy-metaboliamg(Douglas 195643

idward Smith (1956)#  in 1869 designed a portable
open~circuit apparstus for experiments on man in which the sub-
joct fitted with & valve face pilece inspired air through a dry
gas meter, The expired air was directed through & bottle con-
taining pumice soaked in strong sulpnuric acid to remove water



vapour and through a canister where it came into contact with
potassium hydroxide solution to absord carbondioxide. The
asount of carbondioxide was azcertained from the gain in weight
of the canister. Taylor (1956)22 pefers to Pattenkofer, who
in 1859 designed a respiration apparatus, which could accommodate
fairly large animal., 1In 1862, he built & metal lined respira-
tion chamber, in which a man could live with comfort. He -
thought that a mask or a mouthpiece and respiratory valve might
interfere with the natural breathing of the subject, The cham-
ber was ventilated by fresh air pumpaed through it, 1ts valve
could be varied betwaen 15 and 75 mJ per hour, and was measured
by gas meter, A sample of the air leaving the chamber was
passed through sulphuric acid, to remove water vapour, barium
hydroxide absorption tubes to remove carbondioxide and a small
gas meter to measure the actusl volume of the air. The carbone
dioxide production could thus be determined, Viot in 1873, -
used an apparatus designed on similar lines for small aniaals.
Hopper Seyler (1956)%5 31n 1894 designed a respiration chamber
for man on the same principlss as thoas applisd by degnault and
ieiset. The capacity of the chamber was 4.8 33 (170 gt)d to
determine tho oxygen consuaption as well as the carbondioxide
production,

Jaquet in 1903 used an open circuit msthod in which pure
air was drawn by & pump through a chamber of 1.4 m3 (50 ft) -
capacity in which the subjects could sit or lie down. Through
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& wet gas aeter, & small sample of air leaving the chamber at a
rate governed by rotating tvhe drum of the meter, The carbone
dioxide and oxygen content could be determined by a Patterson
type of apparatus, In 1910 Urafe built a chamber, the asides
being fitted into 4 material in the floor eliminating the door
since the whole chamber could be lifted to admit tha asubject,
The main ventilating cwrent wias enaured by the mechanical
rotation of a wet gas meter, Krough and Linghand constructed
in 1920, an open circuit chamber of 2,27 m3 (80 ft)3 capacity,
which allowed work to be done on a bicycle ergometer,

Rubner in 1894 used the differsntial principle of Lavoi-
sier and Laplace in his apparatus for classical compariscn of
the heat given out by a dog, with tho heat calculated from the
carbondioxide, water output andthe nitrogen excretion of the
same dog, thus proving the principle of conservation of energy.
This marked the beginmng of indirect calculation of the energy
output. The respiration chamber of Atwater and Benedict was
suitable for experiments of long duration, but information about
human energy output could very often be satisfactorily obtained
in experiments of short duration. #ose (1938)27 outlined -
briefly the work of "untz 4in tne year 1887, or the respiration
chamber, He introduced an open drcuit appar.tus in which the
subject breathed tarough & mouth piecs and respiration valves,
the expired air being directed through a wet gas meter. /s
the drum of the gas meter rotated, a gearing on its snaft lowersd
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the outlet tube of a gas burette which had been filled at the
begimning with liquid, The original form of this apparatus

was suitable only for the laboratory, For field observations,
the wetl gas meter wasd replaced by a dry meter which could be
carried on the back, Thie form was used in an extensive series
of observations during rest and exercise by Zuntz, Loewy, Muller
and Gaspari 4n the year 1906,

Landperd

fﬁshemanwil‘)ﬁl)“é describes tha "man in the copper box"
in the respiration calorimeter by ‘twatur, :iose and bBenedict,
that is, experimonts with human aub,jocﬁ which had been devee
loped and brought into successful uee, The respiration calorie
meter a® ths name implies, is both for the chemical determinie
tion of the oxygen consumed, the ¢arbondioxide expired and witer
produced in the respiratory exchange., The calorimeter was the
direct measurement of the heat given off by the body,. the
recantly developed outfiita for measuring energy are portable,
adaptable to people of widely varied ages «nd occupations and
less expensive than those that are previously aviilable,

1, Direct valorimetry: There are two distincuive methods
for neasuring energy expenditure. Une direct, through the use
of calorimeter; the other is through iniirect calorimetry,

Fassmore (1956)17 points out that the direct calorimetry
is easy in theory, although difficult and costly 4in practice.
Direct calorimetry consists of measurin; the total energy -

(v
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sxpenditure of the body as heat, and mechanical work by confine
ing the subject to a chamber, Tirect calorimetry consists of
an air tight copper chamber, large enough ior & man to live in
without discomfort surrounded by sinc and wooden walls with air
spaces between., The chamber is about 7 feet long, and 7 feet
wide and 6; feet high. An opening in front of the apparatus
sesaled with a glasa pane, admits sufficient light for reading
and writing, ] Anothier amall opsning is used for pasaing food
and drink, excreta, into and out of the chamber, The chamber
is furnished with foldinz chair and vable and ventilated by
means of air currents, The curbondioxide and water given off
by the subject are removed by circulation,

2. Ipdirect Cajorimetry: Indirect caleorimetry is come-
puting the calories through measurement of oxygen consumption,

Daudson%{%;%)"? conaiders that indirect calorimetry is taeche
mcally & far simple procedure than the measurement of heat
through direct calorimetry. In human physiology, indirect
calorimetry has completely replaced direct calorimetry, in the
study of energy expenditure. ?Javtdaong*&?s‘?)"? describes -
three types of apparatus that are in general use; Benedict

ot Spirometer, Jouglas Bag and Xofranyl Michaelis Hespirometer,

The Benedict Roth Cpirometer is a closed circuit aystem
in which the subject breathes in oxyszen from & metal cylinder
about 8ix litres capacity; the expired air passes back through
a sodalime canister to absord the carbondioxide. The cylinder
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floata in wator inside a4 secomi cylinder, As the oxygen is
consumed, the fnner cylinder fuells, The rate of the fall of
cylinder is recorded on a rotating drum, The Benadict Hoth
apparatus is widely used in hospital for measuring the “basal
metabolism™, It is vory simple to use and the direct reading
of oxygen consumption avoids the need % use a gas analyser,
Howaver, the Benedict Roth Spirometer ie not portable and can
only be used when the subject is at rest either lying or sitt-
ing.

Douglas (1956)%> claims that Douglas bag is simple to
operate, readily adaptable to & great variety of \condit.iom
wth the advantage of portability, The expired ad.r collected
is for a period of three to ten minutes, The air in the bag
is then pussed through & gas meter for analysis of the carbon-
dloxide and oxygen contents, Pasamore (1956)17 considers that
the Douglas bag i3 cumbersome and clumsy to use for experiments
in the fields and industries, while he regards the Douglas bag
method as the simplest and most reliable means of measuring,

et al

anravo'.l%?-)"a considers that the development by Kof-
ranyi and Michaelis in 1940 of a compact, light, portable calori-
meter 18 & great technical advance, Baviuwagi?i‘?ﬁw“’ says -
that the Xofranyi Michaclis respirometer being an improved method

over the Douglas bag, has facilitated snargy management.

The instrument is essentially & dry gas meter, weighing
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only 4 kilegrams, and easily carried on the back of the subject.
It measures dirsctly the volume of expirad air and at the same
time collects small samplses of the expired air in constant frace
tions, namely, 0.3 per cent and 0,6 per cent, avallable for sube
sgyuant analysis,



I11. RXPSAIMRAT AL PAOCKDURE

The aim of the study is to compare the oxygen consumed,
while performing four selected household tasks by the 'Convens
tional method'® and an 'Improved method'. The Conventional
mothods meant the methods commonly followed in performing the
housshold tasks, They wore arrived at aftqr interviewing
and observing & group of home-makors in the Municipal Colony
of Coimbatore city. The laproved methods desired for perform-
ing the same housshold tasks were based on the principles of
energy, management; keeping the body parts in aligmeent using
miscles in economical ways and taking advanta.e of gravity
(Gross and Crandall 1954)1% and were expected to be less energy
consuming. The selected tasks were: cutting a green plane
tain, grinding soaked rice, sweeping the [loor and rinasing a
napkin,

The experimental procedure consisted of:-

A. Selection of the sample.

B. Selection and description of ths household bvasks,
C. Sslection of egquipaent and tools,

D. Standardization of methods,

. Conducting the experiments,

A. Selectiop of the semple:-
The sample selected consisted of sixteen college students

‘of %ri Avinashilingam ilome "cience (ollege, Coimbators., They
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FIGURE 1
BENEDICT ROTH APPARATUS
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ware normal and healthy individuals, with no tension, Out

of the aixtecn subjects, Lhree wers postegraduates and the
rest under-graduates, The age range of the studenta varied
from 17 to 20 years, The height of the subjects varied froa
4'9" to 5'4" and their weights from 86 lbs, to 125 lbs. as
shown in Appendix I. The "Basal Hetabolic Hate" was detere
mned for each subject uaing the Benedict Koth Apparatus, as
in Figure 1. The individual Basal #etabolic Rate data of

the sixteen subjects are given in Apprendix I. The Basal
“etabolic Rate of the subjects rangsd from 25.3 to &3.5 square-

moter of body surface area per hour according to Aub Dubois
Zandards,

The four tasks chosen for tne study were (1) Cutting
a green plantain, (2) Grinding socaked rice, (3)Sweeping the
floor, and (4) Hinaing a napkin, the most commonly performed
in all the households interviewed.

Given below is the description of each task:

1. Cutting a Green Plantaini- The vegetable chosen for
the cutting experiment wis Iaw green plantain. The planteins

for ihe whole series of experiments were obtained from the same
garden in order to eliminate variation, The length and cir-
cumference of the plantains were noted before their use for the
experizent, The basic cutting procedure in both the methods
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consisted of pealing with a sharp km.fo and o.ucing the plane
tains for chips on a wooden board of om inot height, Inm
the process of peeling the skin was removed off tha plantuln
from one end to another, lengthwise, The thickness of the
slices was messured using a vsraier calipars. The average
thicknose of the elices was 0.2 on and the avoriga langth and
che circumference of tha plantsin wers 6.5" and 2,57 respec-

t‘.hlllx P

The subject squatted on the {loor with & wooden hoard
. !
in fromt crossing the lege, with the forearms extended as in

Figure 2\1, The mean angles formed at the elbow joint were
1600 and 1309 for the right amd left hands respasctively as

= ’ 4]

1llustrated in Figure 2 Ay, ... i
s )

The aubject atood on the floor with no stoop and out
the plantain on a wov:;&en Yoard at a working height of J,5"
as in Figwre 3 A3, The arms were placad over the cutting
noard. The mean angles formed at the elbow joint, were 160°
and 13° for the right and the left arm respsctively as illus-
trated in Figurs 3 Az,  With this posture the subject made
use of gravity, i.e., the flow of work in the same airection,
Hdckell and Dorsey (1966)1;6 claim that tasks oould be made
easier by utilising gravity euch as in cutting vogetubles
down on a board with a kmife. |, SRR
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2. ir by £ ¢+ The comuon atone device, named
'Kalle-uwral’ was used for the experiment on grinding. The
Quality, quantity and the soaking time of rice were main-
tained constant throughout the grinding experiments, For
one cx‘permm on grinding, &« cup of rice was scaked in if
cups of watsr for ssven hours., The sciked rice wes placed
around the grinder which was rotatud wilh U0 haiki while the
other hand fed the rice into the depreasion of tha 'Kalls
wral'., Water war spriniled from time to time to facilitate
grinding and zlso to get the desired consistancy. liere the
principle of rhytha, "hs the repetition of movesents at tha
szme toupo™ was applied, Eratton (1961)"9 reportes that the
rhythmetic work was less tiring than ths non-rhythaic, %with
this basic procedure for grinding, the 'Conventiciml' and the
'Isproved' mathods wetre enplosed as described below!

The subject ;untt.od on the floor, crossing the legs
with the right nand extended for feeding the rice into the
depression, and the left hand holiilng tie grimier to make
rotations as in Figurs 4 A, The mean angles formed at the
slbow joints were 120° and 135° for the right and the left
arms respectivaly as illustrated in Figure & Ay,

The subject stood on the floor 2 away from the working
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surface which was at a height of 33.8". Both the hands were
extended for grinding as in Figure 5 Ay, The mean angles
formed at the elbow joints were 135° and 145° for the right
and left arms respectively aa illuatrated in Figure 5 A,

)
3. Sweeping the iloor:- The sweeping involved the

removal of 3/k cup of sand, spread over a floor area of 76"

X 120", A short broom was used for the 'Conventional' method

of sweeping, and a broom with a long handle was used for the

'laproved' method of sweeping. Following is the basic pro-

cedurs, sweepin: was done employing the Conventional and the
Improved methods as described below:

The subject swept the floor using a short broom with
trunk bend., The broom was held in the right hand with the
left arm extended and resting ulong the side as in Figure
6 Ay. The mean angles formed at the trunk bend wus 90° as
- 4llustrated in Figurs 6 Ay,

The subject swept the floor in a standing posturs using
a broom with a long handle., The broom was held with both the
handa, the right hand being &t a higher level than ths laft as
in Figure 7 A;. The right erm formed an angle of 90° at the
elbow joint, as illustrated in Figure 7 A;, There was no
trunk bend at all in this method.
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&, Bds & :ini1- The process of rinsing consisted
of kneading & napkin of 43% x 21" between the palas and dipping
in and out of soapy water contained in & wide-mouthed basin,
The soap solution was prepared with five cups of water and a
teaspoonful of soap powder. The rinsing was done for one
mjnute, Following this basic procedure the Conventional and
Improved methods wers employed as described below:

The subject sat with & knee-vend with her fest on the
floor as in Figure 8 A). Angles of 90° were formed at the
elbow joints for both the arms, while taking out the napkin
from the water in the basin, a8 11lustrated in Figure 8 Aj.

The subject rinsed the napkin in a standing posture at
working heignt of 25.8" as in Figure 9 Ay. - The mean angles
tomdntmumjoimhmmammWnulw
trated in Figurs 9 Az, According to Bratton (1961)9, the
force emhamdﬂonwdubymmuumuuum
offectively from & right i‘ilgla bvend at elbow than in any other
direction. =

Ce WW&.Ms-

The equipment and tools needed for perforning the four
selected tasks, measuring angles, time, room teuperature, roo®
pressure and oxygen consumption are described below:

[ Tl [
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1. Luthing Greeq Flantein:- The following equipment
were selected for cutiing Green Flantain,
a, A wooden board of 10" x 8.11" x 1%,
b, A stainless ateel knife of 7.5" length, 0.11" width
with & blade of &" length, and
¢. A pan of 6" diameter and 4" height,

2. Grinding Sosked Rice:~ A grinding stone otherwise
called 'Kalleural! with an enamel bowl wers the equipment
selected for grinding soaked rics, 7The diaensions of the
Kalleural' are given in Table I. The 'Kalleural' consisted
of two parts the upper part the grinder and the lower part
the base with the depression into whiah the grinder fitted,

TABLE 1
DIXENSIUNS OF THR GRINDING TTONR,

Part Lemgth  width  Dopth  Diameter Height
1. Base (Square) 2" 16, 5" ) 15"
20 Doprelliell ' — 2.5. b.
3. Orinder 13" : 3.5%h. 1"

{Upper) (Lower)

e

3. Sweeping She Flooprs~ The equipments selected for sweep-
ing the floor wete:

Ashort broom of 28" length, 16* thicknsss, 385 graas in
weight; & long handled broom of 51" length, 19.3" thickness and
705 grams in weight,
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Two identical brooms of 28" length wsre taken and one
kept as it was to be used as the short broom for the Conven-
tional method and the other made longsr by tying the handle
to & alender cylindrical bamdoo stock to be used as the long
troom for the lmproved method,

Le Rinsing & Nepkin:- A basin of 18" diumeter and 3.8
height was used, )

5. deasuring Angle:~ An improvis.i device as described
below was used for measuring angles of the arms at the elbow

jointa. Two thin card-board strips one and-a~-half inch broad
and one foot long each, were nailed vcgether on oms el &0 -
that they rotated smoothly im all directions with the nail as
fulcrun, While measuring the angle of the arm liftv, the -
soveable device was placed over the arm with the fulcrum over
the elbow joint with ite two free ends placed along the upper
and lower arms of the subject. The angle of the elbow joint
was then measured directly on a protractor, Larsen (1961)30
nad used a similar device made of clear pu-tu';'prmaetcr to
which was fastened & moveable arm for messuring angles formed
by the arm lift,

6. Meaguring Time:- A stop watch was used to note the
time,

ate FOr measuring ths room
teaperature, & centigrade sheraomster was used, ,
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8. feasuring fioom Pregsure:- For measuring rooa preseurs
a Fortin's barometer was used,

gt~ For deteraining the
oxygen consumption Kofranyi Michaslis dAespircmeter and Beckman

Oxygen Analyser as in Figure 10 used. The various parts of
the Heapirometer and ‘nalyser are given below:

A, Parts of the Hespirometer (Figure 1ll)ie

1. Bntry port,

2, Corrugated rubber hose,
3. Rxit port,

k. Rubber belt,

5. Valve,

6. Routh piece.

7. bose ¢lip.

B. Farte of Sho ‘nplyssr (#igure 12):-
1. Absorbent cotton packing,
2. Drying tube cap.
3. Drying tube,
b, 3l1lica gel Tesiccans,
5. Aspirator bulbd,
6. Aspirator tubing.
7. Aspirator chack valve,
8. Instrument case, \
9. Shock absarbing packing.
10, Lamp switch,



11. Sample ialet,

12. Sample outlet.

13. Light beam mirrors,

A, Batteries,

15. Protective rubber bulb,
16, idapter,

17. Sample tubing.

Detailed descriptions of the mechanism and operation of
the Kofranyi Michmelis Respiromoter and Beckman Oxygen Analyger
are given below:

The respiromoter consists of two chambers, each cham-
ber is divided into two half-chambers by & moveable partition
of leather so that when one chamber is filled, the other 1s
eaptied, Theee partitions tranafer their movement over a
lever system to & crankshaft 'A' which turns a counting mechie
niam and controls the sliding valwes in that way that the half
chambors f£ill and empty themselves alternately,

The eliding valves are prossed on the valves lids by
metal springse "F 1" and "F 2", %o remain closed in any position
of the meter. The expired air anters by the entry port wASH,
In Figure 13, the mechanism for extraction of a sample has been
made clear by removing the top cover, It consiats of double~
membrene pump @nd 2 air valve shests. The double-membrane
pump "DMP® consists of & metal piece. It ahows on both aides
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basineshaped cavities, which are coversd with meabrane rubber.
The rubber membranes are tightened to the pump bars "F1", "P2",
These again are connected to each other by & metal ring, which
is moved by the scesemtric piece 'B' on the erankshaft 'A', The
pump can easily be removed by loosening its screw joints, This
will be quite useful when replacing new rubber membranes,

The air valve sheets "V V" are made of a self greasing
synthetic product, They will be adjusted against each other
in the oute-phase of the meatrane pump by one of the two slid-
ing valves with the help of & push rod in that way, that the
menbrane pump alternatively sucks air from the entry port and
then pumps it into the rubber bladder,

The connecting tubes 'R O 5' between membrans pump and
air valve sheets consists of copper tubing and small rubber
tubes. These rubber tubes have to be renewed as well as the
rubber membrans of the double membrane pump when the rubber,
due to dsterioration, is worn off,

The direction of air flow from the membrans pump to the
rubbsr bladder is regulated by 2 three-way taps. In the level
position of the 'Hal', the route to the oxit port 'St i -
closed., The air flows through the third way of the tap to the
outside. 1In the vertical position of the tap, the expired air
passes into the exit port "St” and fills the rubber bladder.

In the level position of the tap "Ha 2" both halves of the -~

~
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FIGURE-10
KOFRANYI MICHAELIS RESPIROMETER
AND

BECKMAN OXYGEN ANALYGER
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double membrane pump £ill the rubber bladder (0, 6% take-eff)

which, having turned the tap in vertical position, only one
half ie £11ling the bladder {0, 3% take-off),

Through the transmission of the crankshaft rotavion
over the toothed whael '72' on toothed wheel '71' of the counte
ing mechanism, continuous registration of the expired air is
made. The counting mechaniam with toothed wheel '2)' in its
position to the crankshaft can be moved into level poaition,

At the level position of the already mentioned 3 way
tap 'Ha 1' the indicator will be moved to the left by a spring
pressure of spring 'F 3'. The cog wheel '2 1' and '7 2' are
arg urmoshed and no further mcasurement of expired air takes
place, In this position & strip of epring 'F 4' enters the
cog wheel 'Z 1' and thus prevent the movament of the counting
mochaniem., At the level into the vertical position, the cog
Mt are again meshed and measurement of expired air starts
aimultansously.,

This possibility of emeshing and umeshing the count-
ing machanism simultaneously with the opening or closing of
the exit port 'St' enables an exact reading of the counter
sither before or after a respirstion test,

The counting mechanism ie externally protected by a
glass window emsbedded into the top cover, The misting of
this glase window can be avoided by spreading & glycerine
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vassline mixture over it, The window can also be rumoved
without affecting the function of the gas metor., Condensed
vapour in the gas aster can be poured out of ths ports at the
end of a test, For the sctual metor temperature checking,
& thermometer has been huilt into the top cover of the gas

moter,

A plate which is placed on the top cover ahows ths fune
ction of the taps,

the shoulder straps permit a rucksactelike carrying of
the gas woter, On account of its position near the centre
of gravivy and its light weight it will hardly affect the

axperiasnter,

For experiments of long duration in conditions of phye
sical strength especially in hot conditions, it would be advane
tageous to place a sponge rubber cushion on the back of the
moter for better padding,

The operation of the Respirometer involves the follow-
ing slepate

i, Saturating the rubber bladder with the expired air
for 2 to 3 hours in order to fill in the air spaces of the =
bladder, thus preventing diffusion of air,

2, Placing the Respirometer on the back of the subject.

h

*’
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FIGURE-12
PARTS OF THE BECKMAN OXYZEN ANALYZER

{.ABSORBENT (OTTON PACKING
2.DRYING- TUBE CAP

3. DRYING TUBE

4.SILICA GEL DESICCANT
5, ASPIRATOR BULB

6. AGPIRATOR TUBING
7.ASPIRATOR CHECK VALVE

8. INGTRUMENT CASE

9, SHOCK- ABSORBING PACKING

10. LAMP SWITCH

1. SAMPLE INLET

12. SAMPLE OUTLET
13.LIGHT BEAM MIRRORS

14. BATTERIES
15.,PROFECTIVE RUBBER BULB
16. ADAPTER

7. SAMPLE  TUBING
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3. Attaching the rubber bladder after emptying, to the
exit port of the respirometer, with a screw ¢lip on,

b Fixing the nose clip and mouth pisce,

5. Turning the tap on the respirometer (right hand side
of the subject) to the position required to extract sither
0.6 or 0,3% of the ® tal expired air passing through the meter,

6. Noting down the reading on the meter scale of the
respiroaster,

7. Turning the tap on the respirometer (loft hand side
of the subjeot) to the vertical position,

8. hoting down the time, room temperature and the baro-
metric pressurs,

9. Turning the tap to the horisontal position at the
end of each test period,

10, Koting down the reading on the meter dial of the res-
piroaeter,

11, Removing the nose ¢lip and mouth piecs,

12, Removing the rubber bladder after closing it tight
with the screw clip.,

13. Amalysis of the gas contents in ths rubber bladder,

14, omoving the respirometer.
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Beckman Oxygen Analysers are based on a simple pheno-
menon « the magnetic susceptibility of oxygen., The susceptie
bility of oxygen ecan be thought of as & measurs of the propens
aity of an oxygen molecule to become & tenporary magnet when
placed in a magnetic field; this is analogous to the effects
of a magnetic field of soft iron, The Figure 14 shows the
Measuring System of the movement of test body suapended in a
megnetio field causes 1light beam to indicate values on the
scale. The heart of the oxygen wesasuring systeam is a assall
glass dumbbell suspenied on & taut, durable, quarte fibdbre in
a non-uniform magnetic field as in Figure 15, At the equillie
brium the magnetic force on the dumbbell is balanced by the
torque of the quarts fiber, “hen a gas sample containing
oxygen 48 drawnh into the test chasber surrounding the duabe
bell, the magnetic force is altered. This change in force
allows the dumbbell to rotate, Tho degree of rotation is
proporticnal to the change in force; the change in force is
proportional to the partial pressure of oxygen in the sample.
4 small mirror attached to and rotating with the dumbbell
throws a bean of light on the instrument's tranalucent scale,
The position of the light beam on the scale indicates the

partial pressure ol the oxygen,



FIGURE 14 FIGURE 45
MEASURING SYSTEM OF  VECTOR DIAGRAM OF A SMALL
THE ANALYSER SPHEPR INA NON-HOMOGENEOUS

MAGNETIC FILED



1. Connecting the rubber bladder to the saapling
tube after removing the protesctive rubber bulb,

2. Locsening the screw clip on the rubber bladder,

3. Pressing and releasin: the aspirater buld till
all the air in the bladder enters the analyser,

. Noting down the percentage reading on the seter
scale of the analyser at once,

The factors which wers common in the Conventional and
the Improved methods for cutting green plantain, grinding
soaked rice, sweeping the floor and rinsing a napkin were
standardised as given below.

1. cuttdne & Gregen Flaptain:

a. Holding the plantain in poaition over the woodea
board,

b. Removal of the outer green skin off the plantaln
from the stes end lengthuwise,

¢, Slicing the plantain crosswise to give pieces of

the same dimensions,
d. Removal of the peels from the board.

e. Leaving the slicesin a pan to the right side of
the subject,
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2. orinding 3eaked rice:
a, Placing the soaked rice in the grinding stone.

b. Holding the grinder, with the leftv hand,

¢. Rotating clockwise with the left hand and the
right hand continuously feeding the rice into the depression,

d, Lifting the grinder and taking out the rice froa
inside,

e, Sprinkling water once with the right hand during
the experiment,

3. Syeeping She Flgor:
a, The standing position of the subject,

b, Method of swesping, le., the type of swing made
by the broom in one direction,

b, Rinsing & Nepkin:
a, Holding the nmapkin,
b, Dipping in and taking ous,
¢. Kkneading the napkin between the palms,

d. Alternating the process of dipping and kneading.
B. Conducting the Experiments:-

The following wers the steps in conducting the experi-
nentete
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1, Preparation of the work area,

2, Preparation of the subject,

3. Operation of the respirometer,

b, Performance of the tasks,

5, Analysis of the gas coatents in the rubber bladder,
6. Conversion of the data to oxygen units,

Preparation of the work area meant the placement of the

tools needed for a parvicular task ready for the work,
 J

2, WW'-

Preparation of the subject involved the placement of
the respiromster on the back of the subject with the nccessary
connections; and maintaining the standardised position of the
.ﬂbj@“ for work,

3. Operation of the respi Ler'i-
The Tespirometer was operated as described on pages 50
and 352,

The selected tasks wers performed by the subject as Jdeo-
eribed bslow.

e, Cutting a greon Vesetable:~ For cutting a green
planmtain the standardised basic procedurs as given on page 56
was followed for the conventional and the Improved methods.
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Since & plantain was taken as the standard, six plantains were
needed, three for each method., The time taken in cutting &
plantain was noted down,

b. Grinding sguked rige:~ For grinding the sosaked rice
the standardised basic procedure as given on page 57 was -

followed for the Conventional and the Improved methods, The
grinding was carried out for ons minute and the time was noted.

Here, the time was the constant factor.

c. Sweeping the floori- For sweeping the floor the -
standardised basic procedurs as given on page 57 was followed
for the Conventional and the Improved methods. The time taken
to sweep the marked floor ares was noted down,

d, Rinsing & napkins- For rinsing & napkin the stan
dardised basic procedurs as given on page 57 was followed for
both the Conventional and the Improved methods. 35ince rinse
ing was dons for one minute the time was noted, Here the time

was the constamt factor,

The above four tasks periormed by the Conventional and
the lmproved methods were repeated tires times Ly each subject

The gas contents of the rubber bladder wers analysed as
per procedure given on page 56.




The data were converted to the amounts of oxygen cohe
suned in terms of cubic centimeters per minmute using the -
following formulas

1. Corrected volume of Air e

Gas metor reading x correction factor.
(in litres)

2. Correctad volume of air at NJd.P. =

Corrected volume of air x 273 , _Ata, pressure in =,
780 © TZ73 + Obsarved temp.

3. Correction for oxygen consumption (K) =

No.of mte. the expired air was kept in whe
rubber bladder x 0.0h

Corracted volume of au" at ii,T.FP. X Rate at
at which the expired air was collested

&. Corrected volums of oxygen s
Percentage of oxygen in the expired air - K

S. Volums of oxygen consumed »
Percentags of oxygen in the atmospheric air e
Corrected volums of oxygen

6. Total oxygen used per minute =

Corrected volume of air at N.I.P. x Volume of
oxygen used

No, of ats, the sxpired air waa ic;f: in the
rubber dder x 100

7. Cubie centimeters of oxygen =
Total oxygen used per minute x 1000
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The correction factor for the readings of the respiroe
meter was 1.02h, The rate av which the expired air was col-
lected in the rubber bladder wis 0.6 per cent of the total
air, The percentuge of oxygen in the expired air ranged bet-
ween 15 to 17 on the meter scale of the oxygen analyser. The
percentage of oxygen in the atmospheric air was taken as 20,97.
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IV. BFSULTYS AYS OISCUS IR

The data obtained in the experimont on oxygen consumpe-
tion for the household taske performed by the Conventional and
Iaproved methods were compared in relation to (A) Oxygen Cone
sumption (B) Time Management (C) Convenience and Base of work.

A. Oxygen Consumption

The oxygen consumption for ths four ssclec-ed housshold
tasks is given below:=

1. Oxyge: i {gr Cutting a G Flantain:-
Table 1I gives the mean oxygen consumption for cutting a green
plantain by the lonventional ani Improved methods in cubic
cantimeters per minute,

TABLE 1X

MEAN CAYUBN CUNSUMFTIUN 1N CUTTING A GaBBN PLANTALN bY THS
CGAVIRYIONAL AND LMPRCQVED MBTHODS,

Cubic centimeters per minute Pergentage

Replications ~ ~ =~ -~ = === = === == =« =« 08aving in
Conventional Improved Nifference OXygen Coh~

method method sumed,
b 398.6 367.6 31.0 7.7
2 37800 385.0 -~ 7.0 L 1.8
3 358.4 375.0 - 16.6 - b

B‘Vera qe 38106 3.8 5.8 1.5

-
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As indicated in Table 11, the average amount of oxygen
consumed for cutting a green plantain by the Conventional and
Improved methods were 381.6 and 375.8 cubic centimetors per
minute respectively, with a saving of 1.5 porcentage of oxygen
consumed in favour of the Improved method although this diffe-
rence was not statistically significant as pressnted in Appen-
daix II. '

w Orindin sgt- Table Iil

gives the oxygen consumsption for grinding soaked rice by the
Conventional and laproved metiiods in cubic centimaters per
mimte.

2. Oxygen Consumed f¢

AR B

TABLE 111

MEAN OXYGSN CONSWPTION IN GAINDING SOAKED RICE BY THS CONVEN- .
TIO0NAL AND IMPRUVED METHQODS

Cubic centimeters per minute Percsntage
" W B G S W s W G W U P S W W W W W “umin

Replications (,nysntional Improved  Difference oxygen con-

method method suned.,
) 3 473.3 h58.5 1.8 3.1
2 471.2 L52.b 20.9 b.8
3 481.3 463.9 17.4 h.3
Average L75.2 L58.2 17.0 3.6

As indicated in Table I1l, the average amount of oxygen
consumed for grinding by the conventional and the lmproved -
mothods were 475.2 and 458.2 cubic centimeters por minute -
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respectively, resulting in a difference of 17.0 cubic centi-
meters of oxygen, which was found to be statistically signi-
ficant beyond one per cent level, as presented in Appendix 111.
A saving of 3.6 percentagze haa resulted in favour of the Inpe-
roved method. Hence, it can be said that the Improved method
of standing and grinding over a working height is superior to
the Conventional method of sitting on the floor and grinding.
It was observed that while grinding in a standing posture, the
armes of the subject made use of the principles of gravity with-
out additional strain on the muscles of the arma, Sitting on
the floor and grinding caused greater friction and strain on
the muscles of the arms as the hands were not able to fall

mt“"&lly .

he Flgor:- Table IV
gives the mean oxygen consumption for sweeping the floor by the
Conventional and laproved methuds in cubic eentimeters per
ainute.

TABLE IV

MBAN OXYORN CONSUMPTION IN SWREPING THE FLOOW BY THE
CONVENTIQONAL AND IMFi{QVED MRTHUDS

Percamtage
Cubic centimeters per minute savirng in
Mnc&ti@m @ W A G W W M s s W W B @ e e w&‘ncom
Convantional Improved Differen-  sumed.

mathod method ce

605.5 538.9 66.6 10.9
2 583.1 528.6 59.5 6.1
3 614.3 525.3 89.0 PV

AW' 601.1 530.9 70.2 11,6
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As indicated in Table 1V,.an average amount of oxygen
consumed for sweeping the floor by the lonventional and lmp-
roved methods wera 6011 and 530.9 cubic centimetaers per o
minute respectively, resulting in a differenc. of 70.2 cublc
centimoters of oxygen which was found to be statistically
significant beyond ona per cent level as presented in ‘ppon~
dix IV. A saving of 11,6 per centage of oxygen consumed has
resulted in favour of the Improved method, Hence, it can be
said that the Improved method of using the long handled broom
is supsrior to the Conventional @ethod of using & short brooa,

Table ¥V

gives the mean oxygen consumption for rinsing a napkin by the
Conventional and the Improved methods in cubic centimsters of

oxygen per minute.
TABLE V

HEAN UXYGEN cONSUMBD IN RINSING 4 NAPKIN BY THR
CONVENTIONAL AND IMPAOVED METIHODS

Cubic centimeters por aminute l;::::gnt:go
i :""'"""----u---o--“
leplications ¢, nventional Improved Differance oxygen con~-
sumed

mothod mathod .
i $37.2 1,8 .9 88.3 16.4
2 520.2 £29.9 90.3 17.3
b 598 .6 465 b 3.2 6.4
Avarage 518.6 448 .6 72.0 13.8

As indicated in Tablu V, an average amount of oxygen
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consumed for rinsing by the Conventional and Improved methods
were 518.6 and 448.6 cubic centimeters per ainute respectively,
resulting in & difference of 72 cubic cuentimeters of oxygen
which was found to be statistically significant beyond one per
cent level as presented in Appendix V., A saving of 13.8 per-
centage of oxygzen consumed has resulted in favour of the =
duproved method, Hence, it can be said that tae lamproved
mepthod of standing and rinsing is superior %o t.ha wonventional
wetiuod of sitting on the floor und rinsing.

B. Iime Menocoment

The time taken to cut one whole green plantain and to
sweep & definite floor area as in the proviocus chapter were
deterained for the Conventional and the Iamproved methods and

wudo

Taole VI gives the mean tims taken to cut a green plantain by
the Conventional and the lmproved mthods.
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TABLS VI

MBAN TI®3 TAKEN 1IN CUTTING A GRBEN PLANTAIN BX
THE CONVENTIONAL AND INPiRNVED MBTHODS

. Seconds Percentage
hoplioa~ & = e s i red T Diffarence time caken
onventio nce

tione methed method
1.13.10 1@.6 - 3.2 - 6-7
2 lubcj 12306 - 9.3 - 705
3 119.3 12’-‘ - ‘ol - 3.3
Average 115.3 122.5 - 7.2 - 8,2

2gindicated 4in Table VL, the average tims tuken for
cutting & green pluntain by the Conventional and Improved
methods were 115.3 and 122.5 seconds respsctively, rssulting
in & difference of 7.2 which was found to be statistically
not aignificant even at five psr cent lovel aa presentad ia
’ppendix VI, A saving of 6.2 percentage of time taken has
resulted in favour of the Conventional wethod of sitting ohn
the floor and cutting.

”~e

- Table VIl

. glves the mean time vaken for sweeping & delinite Iioor area

by the Conventional and the Improved methods a&s given in the
previocus chapter.




TABLE V1

MEAN TIME TAKEN IN SWEEFING THY FLOOR BY THR
CONVENTIONAL AKD IMPAOVED METHOD3

Seconds Percentage

“3%“:“' Convertional Improved  Difference time taken

method method
65 43.6 2.h 32.9
70 42,6 27.b ¥39.1
7 ha.b 32.h bhl.2
AW. 0 h2.9 27.1 38.7

As indicated in Table VII, the average time taken for
sweeping & definite floor area by the Conventional and the
Improved methods wore 70 and 42.9 seconds respectively, re-
sulting in difference of 27.2 seconds which was found to be
statistically significant beyond ones per cent level as shown
in Appendix VII. A saving of 38,7 percentage in the time
taken has resulted in favour of the Improved method of using
& long handled broom. Hence, the lamproved method of sweep-
ing using a long handled broom was superior to the Lonven-
tional sethod of uaing a short broonm,

C. Sonvenisnce and Sase of ‘ork
Convenience and eass of work in performing the selected

tasks were studied with regard to the Conventional and Imp-
roved methods, The subjects were reguested to give their
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opinion regarding the methods followed in order to know whe-
ther or not ithe Improved method meant real improvement for
the worker, whoss comfort and conveniencs counted most. The
subjacts' comuents atout convenience in the methods of work
and the different positions during the experizent mro' re-
corded dalily.

Table VIII gives the preferences of sixteen subjects
for ths Improved method over the lonventional method used for
perforaming the selected taska.

TABLEZ V1IX
PREFERENCE FOR THZ IMPRUVED MEBTHUD

No. of

Task subjecta Heasons
Cutting & green 15 Convenience and ease of work,
plantain large work area for work.

Grinding soaked rice 16 Conveniencs and ease of work.

Sweeping the floor 12 Absence of physical fatigue
dus to bending and novelty
of the method.

Kinsing & napkin 16 Convenience and ease of work.

As indicated in Table VIII, all the aixteen subjects
preferred the Improved aetiicd for grinding and rinsing. Out
of sixteen subjects, fifteen and twelve preferred the laproved
method of cutting and sweeping the floor respectively. ior
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the sume activities, one and four subjects respectively preo-
ferred the Conventional method for no specific reason.



Ve TUMMARY AND GONCLUSIUN

The purpose of the study was to compare the oxygen cob-
sumed for the Conventional and Improved methods used for per-
forming four selected housshold tasks, The tasks chosen were:
cutting green plantain, grinding soaked rice, sweeping the
floor and rinsing a napkin, Sixteen college students between
16-20 years of age were selected for the experiment., FKofranyi
¥ichaslis hospirometer and Beckman Uxygen Analyser were ueed
for the measurement of oxygen consumption,

The Conventional and Improved methods of cutting plan-
tain and grinding rice, consisted of squatting on the floor)
standing on the floor and working over a height respectively.
The working height for cutting and grinding were 31.5" and
33.5" respectively. The Conventional and Improved methods
of sweeping the floor consisted of using & short broom and a
vroom with a long handle respectively. The vonventional method
of rinsing consisted of sitting on the floor for work with a
WM. The lmproved method of rinsing consisted of stande
ing on the floor and working over a height of 28.5". The expe-
rimants on each activity wers repesated thrice for each method
and by sach subjsct. The expsriments were conducted during
evenings after light refresument,

A sunmary of the results obtained from the analysed data
is given below:

The mean difference in the oxygen consumption between
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the Conventional and lmproved methods for .

i. cutting a green plantain was found to be statiatically
insignificant even at five per cent level.

11. grinding soaked rice was found to be statistically signi-
ficant beyord one per cent level, The lmproved method
saved 3.6 percentaze of the oxygen consumed for grinding.

1ii. sweeping the floor was found t be atatistically signi-
ficant beyond one per cent level., The lmproved method
saved 11.6 percentace of the oxygen consumed for sweeping.

iv, rinsing & napkin was to be atatistically significant be-
yond one per cent leve.. The Improved method saved 13.8
percentage of the oxygen consumed for rinsing.

Thus from the results summarised above, it 13 evident
that excepting in the case of cutting, the Improved metiicd has
proved better than the (onventional method with regard t time
utilisation and energy expsnditure which is directly propor-
tional to the oxygen consusption in cubic centiametars per minute,
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INUVITUAL MITE OF CIADIBK UBJELLC,

’E;:"ZE""“'"QE; ...... g;ig;b galggt B.ﬁ.é: uaior;;a
Subjecte Irs, mins, ft, nched. lbs, 0z8, per melre per hour
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