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i .  ucf.io 'U vnus

Research in  human energy (CetMbolian started  with the 

d iscovery o f toe gases, oxygon and carbondioxide. Khedon 

( 1959)1 reports tout the s ign ifican ce o f resp ira tion  in  ton 

u t ilis a t io n  o f food energy was f i r s t  demonstrated by L a vo is ie r . 

I t  was L a vo is ie r who f i r s t  understood too importunes o f ths 

chemical id en tity  between tne ox id a tive  process happening in  

s guinea p ig , and in  tne burning o f carbon in  a candle flam e. 

Lavo is ier extended h is  studies to  human beings and in  17d9» 

determined th e ir  oxygen consumption a t re s t, and work. he 

noted toe increases in  energy consumption from toe ingestion  

o f food  end work.

Gherman ( 1940)2 poin ts ou t, "Every act and movement o f 

l i f e  in vo lves  in  terms o f physics, e transform ation o f energy."

Co£> p c / f l957)3 s ta tes that energy ie  expended whenever work ie
✓

performed by toe body; regard less o f the nature o f work whe­

ther •voluntary’  such as walking or s it t in g , or ’ involuntary1 

such as c ircu la tion  o f blood or resp ira tion .

Bnergy has been defined in  numerous ways. Bratton 

(1959)4* d efin es energy so , "In tern a l or inherent power; capa­

c ity  o f actir*£, operating or producing an e f fe c t  whether exer­

ted or not; power e f f ic ie n t ly  and fo rc ib ly  exerted ; rigorous 

or e ffe c tu a l operation.** Thus any typs o f action  whether per­

formed consciously or unconsciously needs energy•
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Xh« energy expenditure o f thabody appears In  the for®  

o f boat. Energy measurement* are th ere fore  conveniently 

•xpree fed In  t mma o f heat, the un it * ca lorio* - b*a*a 

U 946)^  d e li nee the n u trition a l C a lorie  ae "The amount o f 

heat which ra ises  the teaperature o f one kilogram  o f water 

througn one degree cen tigrade". Energy ia  a lso  oeaeured 

in  tem a o f cubic centim eters o f oxygen per minute. Bratton 

U 95Q)^ has ahown that oxygen consumed ie  d ir e c t ly  propor­

tio n a l to  energy expenditure.

" In te res t in  the etudy o f energy expenditure in  various 

a c t iv it ie s  began to increase sharply during the or Id  War 11 

i*en  n u trition a l requirement o f ind ividu als and energy costs 

o f various in d u str ia l and household a c t iv it ie s  were deter­

mined fo r  the B ritish  workers (1959)1. The innovation o f 

new techniques to  measure energy in  terms o f oxygen un its, 

solved many o f the problems o f energy metabolism. They have 

fa c ilita te d  studies on energy expenditure, making them ver­

s a t ile  and f le x ib le *

tit'W5 ttli&t n a .
Knowles* (1961 )' expounds^ "the concept o f human energy 

as a  rssourcs in  management, is  the broader concept o f energy 

and not the one o* ca lo r ie  expenditure. A ttitu des, in te res ts , 

s k ills  and p h ys io log ica l conditions Of the c ircu la tory  and 

nervous system are the other fa c to rs , not coversd In  the labo­

ra tory  measurement o f energy metabolism". Therefore, while 

studying the energy cost o f household a c t iv it ie s ,  the concept
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o f human energy 1 *  always g iven  importance. The energy cost 

o f an a c t iv ity  depends more on how a task is  dons and not ju s t 

on the nature o f the task performed. In  a hose, where the 

homemaker is  pressed fo r  tim e, i t  is  essen tia l fo r  her to  have 

a c lea r idea o f her own lim ita tion s  o f energy.

Devadao (1959)* claim s, *Ho p rofession  is  so d iv e rs i­

f ie d  ae that o f a homemaker." 3he describes her r o le  ae a

doctor, nurse, psycho logist, banker, t a i lo r ,  cook, n u tr it io n is t,
>

ca terer, gardener, governor, edu cation ist, economist, home- 

manager, companion and soc ia l worker. i l l  these jobs m«4ce a 

heavy demand upon her time andensrgy. th ere fo re , she needs 

to  know the methods fo r  e ffe c t iv e  use and conservation o f 

energy. Goodyear and Khlor (1951)^ s ta te  th at conservation 

o f energy means a saving o f time and v ic e  versa . Conserva­

t io n  o f energy is  possib le i f  the homemaker recogn ises the 

demands on her tim e and energy and organises her a c t iv it ie s  

accord ingly. S im plifying work methods, and evaluating th e ir  

resu lts  w i l l  help in  conserving energy.

Conservation o f energy is  one o f the goa ls  o f the home­

makers. Techniquss o f work s im p lific a tio n  hslp to  conserve 

energy and tim e.

Research in  energy expenditure has been o f in te re s t to  

in d iv idu a ls  having many demands on th e ir  time and other re -
«hc\ -

sources. KnowloaA( 1961) * p o in ty  out that th is  sudden in te re s t
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has been aroused due to  three reasons; household mechanism, 

increasing number o f home-makers taking up outolds careers, 

and the rea lis a tio n  o f the need to  reh a b ilita te  women with 

physical handicaps ^uch as a r th r it is  and cardiac d iseases.

The du ties and re s p o n s ib ilit ie s  o f the home-maker in  

the present day world have increased tremendously. besides 

attending to  the normal household chores, they ere expected 

to  f u l f i l  many soc ia l and normal ob liga tio n s . Title national 

emergency s itu a tion  demands that the home-makers do th e ir  

best fo r  the p ro tection  o f so ld iers  in  add ition  to  looking 

a fte r  th e ir  homes. Home-makers who are member# o f organi­

sations such as the Manila Mandala, the Bharat 3evak SamaJ 

and Hed vroea and the Panchayats need to  manage th e ir  energy 

e f f ic ie n t ly .

The energy cost o f many o f the household a c t iv it ie s ,  

whow that even heavy tasks domanili^ considerable energy 

expenditure can be ligh tened  by employing b e tte r techniques 

and equipment, so that the home-maker can have mere tim e and 

energy a t her d isposal to  discharge her many re s p o n s ib ilit ie s . 

Knowledge o f the energy costa o f the common household tasks 

w i l l  be o f grea t use in  planning work and s lm p lify lc^  the 

monotonous household tasks. uch knowledge is  not a va ilab le  

in  Zndia.

The aim o f present study is  to  fin d  out the oxygen 

consumption involved  in  perform ing fou r se lected  household
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tasks, using Lae Kofr&nyi nichaelis .••>®opiraaeter and Beckman 

oxygen Analyser* The study is  a camparison of the * conven­

tional method* oT work vtkx.ii an * improved msuiod* oi work i'or 

each task* The lour common household tasks selected ares 

U ) cutting a ^reen plantain (2) grindii\, soaked rice (3i 

sweeping the floo r and (4) rinsing & napkin*

I t  is  hoped that the i'indir^s of th is study w ill start 

a series of investigations into a l l  aspects of energy meta­

bolism in relation to different types of tasks*
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■~-ir.ce tr.iu purpoae o£ true study is  to compare tne energy 

and tim e  mana- cructt involved in the periors not. sjx. oe recbed 

iiouaeiioid- tuuxt ty tne -onventioa&l a;a »,r.e craproved xetnud, 

relevant literature pert ifiin^ to thaucilarunt aspectt oi ncsue 

,iiUrA..«!io«t are reviewed acre.

" • '-rea or ho&e -cam.-.-.ftuont in naae rcicnca:

*>«vadat defines dome ‘ci«.n-.e ua ;?oauc«*tioh ior

host® liv ing, '* tn.-.t science, wnicu correlates odontic *c i'actfi 

to tno activ ities ir, ŵ *■-? « i'Oftic tieiicc9 toov.» a *̂ 11

anpecta oi home l l lo .  -'©vaiua i-*.*y>-y ,>w states tunt 

' dence imparts, n-aco&tary knowi.1 e, at out rood unu nutri- 

tiori, ciot.ir* , houein ,, household health, child­

care, homo decoration and coni unity service* noose suiia&era^nt

is  one o* the very important and integral parte ol home science
t,rel f*1aln& ,.,

which embrace a tu© above aspects# ' ccoruin^ to .alone A l r^58) 

th« concept oi home «iaici:...cttont centres its- attention on ixidiy  

l i fe  as a whole# .'?roea and •..r..-ndLli il-y47)Ai swe© that -  

‘‘management taces place in every home, but the .juality dii'i-.-rs#'

b. Yhe , .earuiv, oi »n «. .-..tenti

.he r or land (lyyoy--*" deiinea nnnu aoment a si so sic

integrating-, process si the business, activity that i-urrourda 

daily l i i e !' • ue has «xiso reported that ament has existed

ever since human oeaic  ̂ r * uun i t ed  io r economic and social
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purpose* • i t  is  only sines 1900 that management has evolved 

as a sp ec ia l f ie ld  o f study and as an e x p lic it ly  id e n tifie d  

area o f human behaviour. a ieb e l (I960 )13 considers that 

management is  not a th ing apart but is  basic and app licab le 

to  M i area o f fam ily l i f e .  According to  He For land (195$)*^ 

management p rin c ip les  were discovered and not invent ad. Tough 

the management p rin c ip les  have ex isted  a l l  a long, the aware* 

ness came la te r . he fu rth er stresses that management is  the 

keynote o f a l l  buaineaa a c t iv it ie s ,  and one o f the avenues o f 

so c ia l progress. Management is  dynamic and sen s itive  to  the 

currents o f in ev ita b le  so c ia l change.

The p rin c ip les  o f aana:i«aent can be app lied  everywhere. 

In  a home where a home-maker has to  work from dawn to  dusk, 

a consciousness to  apply management p rin c ip les  is  eseen tia l. 

Gross and Crandall (1954)14 assert that conscious home manage­

ment is  an a r t . S tressing the importance o f home management 

in  the home. Gross and urandall (1954)*** declare that "home 

managefttftwfr to  a grea ter extent than many other f ie ld s  o f sub­

je c t  m atter, cuts across d iffe re n t areas o f liv in g , fo r  i t  is  

concerned w ith the way in  which a fam ily  usea a l l  it a  resour- 

€#0% According to  Devadas (1959)® home management con sist* 

o f making the best use o f the a va ilab le  resources both human 

and m ateria l. Management in  the home includes management o f 

money, m ateria ls , energy, s k i l l  and a b i l i t ie s .  Hoyt (19$0)** 

considers that "one buys the qu a lity  o f one*a l i f e  w ith one's
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t i a i ,  energy And money” • Good Tear And Khlor (1954)^ have 

emphasised the important re la tion sh ip  o f resources to  the 

proceoe o f r e a liz in g  values and goa ls , through the e f fe c t iv e  

use o f human and m ateria l resources. Managing means having 

control over resources, to  organ ise, guide and d ire c t th e ir  

use and be responsible fo r  the resu lt#  that fo llo w .

According to  Malone (195® )^ » the need fo r  management

a rises  whenever there are resources to  be used and choices*
to  be made on how to  uee them* Gross and Crandall (1954)** 

c la s s ify  resources a va ilab le  to  a fam ily , under two cate- 

g o r ie e : htsaan and noiwhuman. The human resources include 

tim e, energy, in te re s ts , a b il i t ie s ,  s k i l ls ,  knowledge and 

a ttitu d es ; and non-human resourcea Include money, m ateria l 

goods and community fa c i l i t i e s .  They fu rth er claim  that 

these resources become important in  proportion  to  the extent 

they are lim ited . The in e v ita b ility  o f these lim ita tion s  

must be accepted. h iebel ( I 960) c l a r i f i e s  that resources 

are in te rre la ted  but lim ited ; fo r  example? the rela tion sh ip  

between energy and tim e. Malone (1956)*® s ta tes  that home 

management requ ires more human resources than any other type 

o f management. The home-maker is  the guiding s p ir it  in  the 

hose. "he ca rries  out a l l  her duties and re s p o n s ib ilit ie s  

fo r  the alround development o f the fam ily . Hence, the manner
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in  which she combines bar human resources, namely, money and 

m ateria ls , go «  long way in  making toe fam ily  happy •

1 ,

Energy and tin e  are interdependent • They go toga*

ther in  any task performed, However, the lim ita tion s  o f 

energy 1 «  d iffe re n t from thoee on tim e. The amount o f 

energy or the capacity to  work, d if fe r s  from person to  per­

son, w h ile tile time a va ila b le  to  a l l  is  the same, that la ,

24 hours la  a day, iS ickell and horsey (I960 ) 16 report that 

the amount o f energy each person has fo r  use, depends oa h ie  

physical h eritage , mental and physical hea lth . Besides -  

these, physica l fa tigu e  and the mental approach o f the home­

maker towards a certa in  job a lso  a ffe c ts  the use o f energy* 

Energy and time are required simultaneously in  a task per­

formed. By conserving toe energy which is  frequ en tly  wasted 

through In e ffic ie n t  p ra ctices , opportun ities fo r  achieving 

personal fam ily  i**d so c ia l goa ls , can be increased and toe 

monotony in  r e p e t it iv e  tasks e lim in etea .

In  order to  make working hours more productive, crea­

t iv e  and p leasant, the home-maker should have an idea o f the 

energy cost o f toe  household a c t iv it ie s  which she performs 

d a ily . The energy coete , in  terns o f c a lo r ie  expended, 

show toe ligh tn ess ofr s everity  of a task* S ick a ll and -o r . 

aey ( I 960)16 are o f toe view th at b e tte r management o f energy 

w il l  be accomplished i f  toe re la tion sh ip  between energy -



expenditure to tne stages of family l i f e  cycle, the energy 

expenditure on the various activ ities, the importance of 

rest periods, tnejrole oC plait iing,, controlling end evaluat­

ing in  energy management are understood*

Passmore (1956)*? states that the major eooponunts 

of energy expenditure can be c lassified  under two categorise; 

namely , "Energy at iieat** and ” Snergy at ‘orkw.

Ermrgv at aest: -  the energy needed by the body when 

i t  is  at complete rest is  known as the basal energy recuire- 

asnt or energy at rest. the energy needed lo r  the mainten­

ance and promotion of internal activ ities is  known as the 

basal metabolic rate. Accoruing to barman and landlord 

( 1 9 5 7 ) ’’Basal Metabolism is  a term often applied to the 

rats of expenditure of energy by a person awake, lying s t i l l  

at a comfortable temperature and woo has taken l i t t le  oi any 

food during tns past twelve or fourteen hours so that l i t t le  

digestion or absorption of food material is  taking place at 

the time of observation (that is ,  in  the * post-absorptive* 

state)* .

K Hander (1951)*^ define® ”3aaul Metabolism1* as "that 

amount of energy required to maintain the body functions which 

continued in operation when the body is  at complete rest but 

not asleep.” the internal functions of the body include
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c ircu la tion , breathing, d iges tion , the maintenance o f the nor­

mal temperature o f the body and the a c t iv ity  o f the glands, 

'heraan (1952) 20 cays that the Basal energy metabolism, fo r  a 

given  age and e ls e  is  used as the sta rtin g  point fo r  the ea l*  

culations o f the to ta l energy requirsment o f in d iv idu a ls  o f 

d iffe ren t muscular a c t iv it ie s ,  and a lso as a basis o f compa­

rison  in  Paths lo g ic a l disturbances, or in  studies o f the in flu ­

ence o f age, sex, race or o f disturbances or immediate environ* 

sent* The grea ter part o f the basal heat production Is  thought 

to  be due to  ox idation  in  the res tin g  tissu es, p rin c ip a lly  in  

m aintaining the tone o f the sk e le ta l ©u&cels*. In  the healthy

metabolism depends c h ie fly  upon the in ten s ity  

o f these in tern a l processes, the s iz e , shape and composition 

o f the body.

Benedict (1 9 5 2 )^  has concluded that basal metabolism 

o f an in d iv idu a l may be considered as qu an tita tive ly  deter­

mined by the to ta l mass o f a c tive  protoplasm tissu e , and the 

to ta l stimulus to  c e llu la r  a c t iv ity  ex is tin g  a t the time o f 

the measurement o f the metabolism. He says that the fa c to rs  

causing va ria tion s  in  the ati&ulaa to c e llu la r  a c t iv ity  are 

age, s leep , prolonged res t. qg, character o f the d ie t and o ften  

the e f fe c t  o f severa l muscular work.

Factors A ffec tin g  Basal M etabolic - its .

There Is  a vast lite ra tu re  on the e f fe c t  o f age, sex, 

body s iz e , growth, n u trition a l statue and race on the basal
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m etabolic ra te . Many thousands o f in d iv idu a l data have been 

subject ad to s ta t is t ic a l an alysis and a d iv e rs ity  o f conclu­

sions drawn as to the a ffe c ts  o f these variab les* 1 b r ie f 

d escrip tion  o f seme o f these variab les in  re la tio n  to  the 

basal m etabolic ra te  is  g iven  below;

-SU ta-JtoaM -ia l-tear - oaksh-

ayani &  j|i ( 1962) ^  has studied tns body composition o f nor­

mal worsen using enedict loth Apparatus* They have enumerated 

the e ffe c ts  o f body composition o f the basal m etabolic ra te  o f
â4 Ma efe&L

women* Taylor 11950)* *  s ta tes that due to  the great seat o f 

energy exchange in  tne a&uaele the ind ividuals o f exactly  the 

same weight and height and consequently o f the same surface 

area may s t i l l  d i f fe r  in  basal m etabolic ra te*

In fluence o f In te rn a l A c t iv it ie s :-  The work o f m aintain, 

ing the resp ira tion  and c ircu la tion  obviously in vo lves a conti­

nuous expenditure o f energy* Murlin and Greer U 952)23 empha­

s ise  the close re la tion sh ip  of the heat to  energy required fo r  

the tissues* For the production o f heat the supply o f oxygen 

is  needed* 1 la rge  fa c to r  is  basal metabolism is  the mainte­

nance o f muscular tension or tone (Gherman 1952) 20.

iaCtotflififl.ffiC..• -  Benedict and T a lb o t(1957)24

concluded that the basal m etabolic ra te  was greatest between 

the ages o f one and two when expressed in  ca lo r ie s  per un it o f 

weight or s ize *  Xrogh ( 1952) ^  a ttrib u tes  the regu lar increase 

in  basal metabolism in  in fancy to  *th@ development o f the aus-
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S p e c ific .Bynaate t& U ri oS JQQxli- 'tw a ter, Benedict

and aubnsr (1952) 28 studied the e ffe c ts  o f s p e c ific  dynamic 

action  o f food over basal m etabolic ra te  by means o f a resp i­

ra tion  ca lorim eter. They found that the food Intake o f the 

in d iv idu a ls  a ffe c ted  the basal m etabolic ra te . iubner found 

that each type o f food smarted more or le s e  s p e c ific  in flu ence 

upon the energy metabolism, so th at when the food s tu ffs  aero 

fed  separately , somewhat d iffe re n t energy values were requ ired 

fo r  the maintenance o f body equ ilibrium . Lusk and h ie  co­

workers ( 1952)29 in vestiga ted  the in flu ence o f the fo o d s tu ffs  

upon metabolism and ca lled  i t  "s p e c ific  dynamic action  o f  -  

fo od ".

In fluence o f Sext -  Benedict and fa lb o t (1952)3® have 

found no d iffe ren ce  in  the basal m etabolic ra te  o f boys and 

g ir ls  o f the same age, u n til they reached a weight o f 11  k ilo ­

grams or a surface area o f 0.48 equaremeter. Beyond a weight 

per kilogram , the body maintains a p ers is ten tly  higher ra te  

which is  not apparently due a t the ea rly  age to  g rea ter mus­

cular developments. Tay lor (1956)22 has c le a r ly  said that 

there i s  not s ig n ific a n t d iffe ren ce  in  basal m etabolic ra te  

due to  sex hormone®. Menstruation has l i t t l e  in flu en ce on 

basal m etabolic ra te . wth fa c to rs  a ffe c tin g  the basal

m etabolic ra te  are the c lim a tic  conditions, and the n u trition
and *

status o f the sub ject. Mukherjee ( 1937) af t e r  determ ining

the basal m etabolic ra te  o f 18 Bengali youf£ men, concludes
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that low metabolism o f Bengali la  perhaps due to c lim a tic  con­

d ition s  and n u trition a l cause*. A s in iia r  study by i:iaaana- 

murthi ( 1962)32 has shown that the basal m etabolic ra te  o f 

ch ildren  was lower when undernourished, than when th e ir  nu tri­

tio n a l status was improved,

Snarly a t Work: - Tis d a ily  a c t iv it ie s  o f l i f e  in vo lve 

ouecolar work, which neceseitatea energy expenditure. The 

energy expended, while m aintaining the body in  a s it t in g  or 

standing p os itio n , is  sm aller than while perform ing more 

a c tiv e  work euch as walking» clim bing s ta irs , o r l i f t in g  

ob jec ts .

Langworthy and B&rott ( 1920)33 studied the energy* 

expenditure o f a su b ject, whila perform ing suae o f the house­

hold tasks; namely, k n ittin g , darning, sewing, iron in g , -  

dressing an in fa n t, washing tow els and sweeping the f lo o r .

They found that sweeping and washing were the moat strenous 

a c t iv it ie s .  Swart a (1933)3** worked with the se lected  tasks;

paring potatoes s it t in g  and standing and kneeding dough at 

d iffe re n t h eigh ts, and under d iffe r e n t conditions thus desig­

nating the tasks ae " l ig h t " ,  "m oderate", or "heavy", accord­

in g  to  the energy expenditure in vo lved . According to  Swar­

t z  ( 1929)35 running a vacuum cleaner a t a speed o f 1/2 fo o t 

per second requ ired 55*5 ca lo r ie s  per equaremeter o f the bcxiy 

w h ile running i t  a t a epeed o f 4 fe e t  per second required

146.3 c a lo r ie s . dross and tran da ll (1 9 5 4 )^  show that work
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speed ily  done, in vo lve * higher energy costs than the sene work 

done s low ly.

N ick e ll and horsey ( 1960)*^  poin t out that

body requ ire  a certa in  amount o f energy fo r  the Maintenance 

o f muscular tension  and involuntary body processes such as 

resp ira tion , c ircu la tio n , secretion  and excretion . This 

energy, often the body Is  a t r e s t, i s  known as res tin g  meta­

bolism . The amount o f energy used in  perform ing any task 

ie  th is  restin g  m etabolic ra te  plus the energy requirement

o f the task . In  some studies on energy expenditure with 

regard to  s it t in g , standi*^* walking and other tasks, is  

measured by determ ining how such oxygen i s  consumed per minute. 

The data on oxygen consumption may e ith er be converted to  ca lo­

r ie s  per squaremeter o f the body area per hour or per kilogram  

or per pound o i body weight per hour.

An understanding o f the nature and causes o f fa tig u e , 

i t s  in flu ence on t  <e mental and physical e ffic ie n c y  is  essen­

t ia l  in  handling problems connected with tin s  and energy mana­

gement. H ickeil and horsey (1 9 6 0 )^  sta te  tuat research i i f  

recent years in  the f ie ld s  o f physiology and in d u str ia l manage­

ment has g iven  much inform ation on the causes and con tro l o f 

fa tig u e .
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Fatigue m anifests i t s e l f  in  two d iffe re n t tu t c lo se ly  

re la ted  forms; !•  Ph ysio log ica l fa tigu e  and i i .  * sychologi- 

ca l fa tig u e . t n yb io log ica l fa tigu e  resu lts  from fe e lin g  o f

tiredness or fe e l i i^  o f weariness, and decreased capacity o f 

work. Burt {1954) 36 reports that * fe e lin g  t ir e d  is  a very 

eomson experience a fte r  strenuous or monotonous work.* -  

Tiredness is  a general fe e lin g  o f weakness which comes a fte r  

physical exertion , and exerc ise , o f a wide range o f muscles. 

They in d ica te  th^t tiredness is  the ph ys io log ica l chaises 

resu ltin g  from work. Therefore, such fe e lin g  o f fa tigu e  

g ives  l i t t l e  or no in d ica tion  o f the energy expenditure, 

haggard and Greenberg (1954)3? d efin e  ph ysio log ica l fa tig u e  

as "in capacity  fo r  exertion  induced by previous exertion ". 

P h ys io log ica l fa tigu e  resu lts  in  bod ily changes such as in ­

complete ox idation  o f glucose which can be measured through 

laboratory methods, fo r  determ ining the la c t ic  content o f 

muscles. Knowles ( 1946)36 found that women, who ironed at 

the standard 31" h eigh t, described th e ir  fe e lin g s  * •  t ir e d  

or very weary a fte r  three hours o f iron ing and located  pains, 

aches and s tra in s  on the bade, fe e t  and le g s . The same -  

women, iron ing a t p referred  height described the fe e lin g s , 

as somewhat or rather t ir e d  or very weary without many com­

p la in ts  about aches, excepting fo r  two tim es on ly.

Much oX the fa tigu e  experienced in  d a lly  a c t iv it ie s

is  o f psychologica l nature. B artley ( 1954)39 defines such
, ‘

fa tigu e  as, "Fatigue or tiredness Is  but one o f the many
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reaction * o f a parson a* a whole to  a s itu a tion  a* tie cons­

ciously or unconsciously in terp re ts  and evaluates i t .  f  atigue 

is  simply one fo ra  o f inadequacy to  meet the demands the per­

son recogn izes." I t  i s  expressed in  both bod ily  fe e lic ^ e  and 

aversion to  work.

F « Perloda In  between Household %ork:

Barnes (1 9 5 4 )^  poin ts out that re s t periods are d esir­

able in  many types o f work, both heavy and lig h t . M ickell 

and Dorsey (i960 ) 16 in d ica te  that r e s t, pauses and w isely 

spaced periods o f  work, heip to  prevent excess fa tig u e  and 

in e ffic ie n c y . the reasons are, that res t periods holp to 

increase the amount o f work done a day, decrease the va riab i­

l i t y  in  the ra te  o f working, and tend to  encourage the operated 

to maintain a le v e l o f performance nearer to  i t s  maximum. 

iiest period need not be complete cessation  o f work. I f  res t 

is  maximum, the worker l ie s  down and relaxes com pletely, 4 

because rec lin in g  requ ires le s s  expenditure o f energy than 

any other body p os ition . Studies in  in du stries have shown 

the b en efits  o f including re s t periods in  the in c rea e li^  capa­

c ity  to  produce more. Since the home-maker performs a va rie ty  

o f tasks in  a s in g le  day without any record o f her energy out­

put, her needs fo r  re s t cannot be v isu a lised . M ss ly  d is t r i­

buted working hours, in terspersed  with short re s t periods, w ill 

increase h igh ly the p rodu ctiv ity  and maintain the work p leasant, 

througnout the day.
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a . Tha i-laflaaarla l  Process aa Applied Jaalte

d itu re ;

According to  Gross and -randall (1954)*^, three impor­

tant elements o f energy management a re , namely; p lan tin g, con- 

t r o l l i%  and evaluati**£. Planning energy is  not as concrete 

as planning other m ateria l resources. Planning energy is  

blended with planning t in e , because both are simultaneously 

needed to  do a jo b . Knowledge o f energy coste o f the house­

hold tasks helps in  planning energy so that home-makers can 

a ltern a te  h.evy and lig h t  tasks avoiding exertion . Bratton 

(1951)41 considers "fou r own body constitu tes your most impor­

tant item o f household equipment.* She considers that develop­

ing s k il ls  in  using the body e f fe c t iv e ly ,  based on an under­

standing o f hoe the body functions, w il l  help in  con tro llin g  

energy. Nick e l l  and Dorsey ( 1960)*** consider an awareness o f

one*s fe e lin g s  and a ttitu d es  towards fa tig u e , helps in  con­

tr o llin g  a work plan in  action . Knowledge o f the body mecha­

nism la  usefu l in  con tro llin g  energy in  action . They fu rther 

exp lain  that *Sody mechanics* i s  a term gradually rep lacin g pos­

tu re, because i t  includes the body in  motion as w e ll as in  w 

standing and s itt in g *  The word mechanics suggests a re la tio n ­

ship to  the function ing o f the body. The p rin c ip les  o f body 

mechanics include keeping parts o f the body in  alignment con­

s id er! %  i t s  centre o f g ra v ity , and the ob jec t held . Keiaer 

(1962)42 declares that good posture during work o f any kind 

resu lts  in  le s s  muscular e f fo r t ,  thus reducing the fe e lin g  o f
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fatigue* According to Hiekell and Horsey (1960 )^, the most 

confortabie 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 Tor lift in g  loads, 

through the use of "knee-bend” instead of "trunk-bend” or "back 

bend", and am  muscles instead of wrist and hand muscles*

balanced rhythmic movements help to avoid strain* Gross 

and Crandall (1954)34 state that "rhythmic performance may be 

defined as the repetition of movement at the same tempo."

"What i s  called the dynamogeaic effect is  a further explana­

tion o f the pleasure of rhythm in  reducing energy-cost*" Burt 

claims "There i s  fundamental economy in  rhythmical performance! 

in that we get a repetition of the act without necessarily a 

repetition of the impulse."

The history of the measurement of energy-metoboliam can 

be traced to the eighteenth century. Lavoisier, hubner, Doug­

las , F&tteakofer, Atwater and Benedict were the outstanding -  

exponents in  the f ie ld  o f energy-metabolism* ( Douglas 1956)43.

idw&rd Smith ( 1956)44 xn 1669 designed a portable 

open -circu it apparatus fo r experiments on man in  which the sub­

ject fitted  with a valve face piece inspired a ir  through a dry 

gas meter. The expired a ir  was directed through a bottle con­

ta in in g pumice soaked in strong sulphuric acid to remove water
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vapour and through a can ister where i t  came in to  contact with 

potassium hydroxide solu tion  to  absorb carbondioxide. the 

amount o f c&rbondioxide was ascertained from the gain  in  weight 

o f the can is ter. Taylor (1956) 22 re fe rs  to  Pattenkofer, who 

In  1859 designed a resp ira tion  apparatus, which could accommodate 

fa ir ly  la rge  animal. In  1862, he b u ilt a metal lin ed  resp ira­

tion  chamber, In  which a man could l iv e  with com fort. He -  

thought that a mask or a mouthpiece and resp ira tory  va lve might 

in te r fe re  with the natural breathing o f the subject. The cham­

ber was ven tila ted  by fresh  a ir  pumped through i t ,  i t s  va lve 

could bs varied  between 15 and 75 m? per hour, and was measured 

by gas m eter. A sample o f the a ir  leaving the chamber was 

passed through sulphuric ac id , to  remove water vapour, barium 

hydroxide absorption tubes to  remove carbondioxide and a small 

gas meter to  measure the actual volume o f the a ir .  The carbon­

dioxids production could thus be determined. V io t in  1875, -  

used an apparatus designed on s im ila r lin e s  fo r  small animals. 

Hopper Seyler ( 1956)^5 X894 designed a resp ira tion  chamber

fo r  man on the same p rin c ip les  as those applied by Eegnault and 

H eiset. The capacity o f the chamber was 4.8 a * (170 g t ) *  to  

determine the oxygen consumption as w e ll as the carbondioxids 

production.

Jaquet in  1903 used an open c irc u it method in  which pure 

a ir  was drawn by a pump through a chamber o f 1.4 a * (50 f t )  -  

capacity In  which the subjects could s it  o r l i e  down. Through



a wet gas m eter, a small sample o f  a ir  leavin g the chamber a t a 

ra ts  g o w n ed  by ro ta tin g  the drum o f the m eter. The carbon- 

d ioxide and oxygen content could be determined by a Patterson 

type o f apparatus. in  1910 Orafe b u ilt  a chamber, the aides 

being f i t t e d  in to  a m ateria l in  the f lo o r  elim inating the door 

since the whole chamber could be l i f t e d  to  admit the sub ject, 

the main v en tila tin g  current was ensured by the mechanical 

ro ta tion  o f a wet gas m eter. Krough and Ldnghand constructed 

in  1920, an open c irc u it chamber o f 2.27 a } (80 f t p  capacity, 

which allowed work to  be done on a b icyc le  ergom eter,

Eubner in  1894 need the d iffe r e n t ia l p rin c ip le  o f Lavoi­

s ie r  and Laplace in  h ie  apparatus fo r  c la s s ica l comparison o f 

the heat g iven  out by a dog, with the heat calcu lated  from the 

carbondloxide, water output andthe n itrogen  excretion  o f the 

same dog, thus proving the p rin c ip le  o f conservation o f energy. 

This marked the beginning o f in d ire c t ca lcu la tion  o f the energy 

output. The resp ira tion  chamber o f Atwater and Benedict was 

su itab le fo r  experiments o f long duration, but inform ation about 

human energy output could very o ften  be s a t is fa c to r ily  obtained 

in  experiments o f short duration. Hose (1936)27 ou tlined  -  

b r ie fly  the work o f funts in  tne year 1887, on the resp ira tion  

chamber. He introduced an open c irc u it apparatus in  which the 

subject breathed through a mouth p iece and resp ira tion  va lves , 

the expired a ir  being d irected  through a wet gas m eter. As 

the drum o f the gas meter ro ta ted , a gearing on i t s  shaft lowered



the o u tle t tube o f  a gas burette which had been f i l l e d  a t the 

beginning with liq u id , the o r ig in a l form o f th is  apparatus 

Mae su itab le  on ly fo r  the laboratory. For f ie ld  observations, 

the wet gas meter was replaced by a dry meter which could be 

ea rn ed  on the back. th is  fo ra  was used in  an extensive series  

o f observations during res t and exercise  by £unta, Loewy, M uller 

and Gasparl in  the year 1906.

in  the resp ira tion  calorim eter by &twater, toae and bened ict, 

that is ,  experiments with human subjects which had been deva- 

loped and brought in to  successful use. the resp ira tion  c a lo r i­

meter as the name im p lies, i s  both fo r  the chemical determina­

tio n  o f the oxygen conaumed, the earbondioxlde expired and water 

produced in  the resp ira tory  exchange. The calorim eter wae the 

d irec t measurement o f the heat g iven  o f f  by the body. The 

recen tly  developed o u tfits  fo r  measuring energy are portab le , 

adaptable to  people o f w idely varied  ages and occupations and 

le s s  expensive than those th at are previously a va ila b le .

1. D ir act walarim etry: There are two d ie t Inc t iv e  methode 

fo r  measuring snergy expenditure. One d ire c t, through the use 

o f ca lorim eter} the other i s  through in d ire c t ca lorim etry.

Passmore (1956)*^ point# out that the d ire c t calorim etry 

is  sasy in  theory* although d i f f ic u lt  and cos tly  in  p ra ctice . 

D irect calorim etry consist# o f measuring the to ta l energy -
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expendi Lure o f the body ns heat, and M ch aoica l work by confine 

i i^  the subject to  a chamber. D irect calorim etry correlate o f 

an a ir  t ig h t copper enaraber, la rge  enough i'o r a man to  l iv e  la  

without discom fort surrounded by tin e  and wooden w alla with a ir  

spaces between. The chamber la  about 7 fe e t  lon g, and 7 fe e t  

wide and 6? fe e t  h igh. An opening in  fron t o f the apparatus 

eaaled with a g lass  pans, admits s u ffic ie n t lig h t  fo r  reading 

and w ritin g . Another email opening ie  used fo r  passing food 

and drink, excreta , in to  and out o f tire chamber. The chamber 

ie  furnished w ith fo ld in g  chair and tab le  and ven tila ted  by 

means o f a ir  currents. The oarbondioxlde and water g iven  o f f  

by the subject are removed by c ircu la tion .

2. In d ire c t Calorim etry: In d irec t calorim etry is  com­

puting the ca lo r ie s  through measurement o f oxygen consumption.
eta! , ~

Davidson ll9 > 9 )* ' considers that in d ire c t calorim etry Is  tech­

n ic a lly  a fa r  simple procedure than the measurement o f heat 

through d ire c t ca lorim etry. In  human physiology, in d ire c t 

calorim etry has com pletely replaced d ire c t ca lorim etry, in  the 

study o f energy expenditure. Davidson (1 9 5 9 )^  describes -  

three types o f apparatus that are in  general use; Benedict 

dot;* Spirom eter, Douglas Bag and Kofrunyi M ichael!s hesplrom eter.

The Benedict Roth spirom eter I s  a closed  c irc u it system 

in  which the subject breathes in  oxygen from a m etal cylin der 

about s ix  l i t r e s  capacity; the expired a ir  passes back through 

a sodalime can ister to  absorb the carboadioxide. The cylinder
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flo a ts  in  water in side a second cy lin der. As the oxygen is  

consumed, the inner cylin der f a l l s .  The ra te  o f  the f a l l  o f 

cylinder Is  recorded on a ro ta tin g  drum. file  Benedict Roth 

apparatus i s  w idely used la  h osp ita l fo r  measuring the "basal 

metabolism” . I t  is  very simple to  use and the d ire c t rea d ily  

o f oxygen consumption avoids the need to use a gas analyser. 

However, the Benedict Roth Spirometer is  not portab le and can 

only be used when the subject is  a t res t e ith e r ly in g  or s i t t ­

ing.

Douglas (1 9 5 6 )^  claim s th at Douglas bag is  simple to  

operate, rea d ily  adaptable to  a g rsa t v a r ie ty  o f  conditions 

with the advantage o f p o r ta b ility . The expired a ir  co lle c ted  

la  fo r  a period o f th ree to  ten minutes. The a ir  in  the bag 

is  then passed through a gaa meter fo r  an alysis o f ths carbon- 

d ioxide and oxygen contents. Passmore (1956)*? considers that 

the Douglas bag i s  cumberaoms and clumsy to  uss fo r  experiments 

in  the f ie ld s  and in du stries, while he regards the Douglas bag 

method as the sim plest and most r e lia b le  means o f me&surii^. 

et oU
Passmore <1952)4,0 considers th at the development by K of- 

ranyi and M ichaelis in  1940 o f a compact, l ig h t , portab le c a lo r i­

meter la  a g rea t tech n ica l advance. Davia^oa <1959)^^ says -  

that ths Kofranyl M ichaoiis respirom eter being an improved method 

over the Douglae bag, has fa c ilita te d  energy management.

The instrument is  e ssen tia lly  a dry gaa m iter, weighing



only 4 kilograms, and easily carried on the back of the subject. 
It measures directly the volume of expired air and at the same 
time collects email samples of the expired sir in constant free* 
tions, namely, 0.3 per cent and 0,6 per cent, available for sub­
sequent analysis.

36
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I I I .  KPSHIHRtirAL PftOCSOUR*

The aim of the study is  to compare the oxygen consumed, 

while performing lour selected household tasks by the 'Conven­

tional method* and an 'Improved method'. the Conventional 

methods meant the methods commonly followed in performing the 

household tasks. They were arrived at after Interviewing 

and observing a group of home-makers in the Municipal Colony 

of Coimbatore city. The Improved methods desired for perform­

ing the same household tasks were based on the principles of 

energy, management) keeping the body parts in alignment using 

muscles in economical ways and taking advantage of gravity 

(Cross and Crandall 1954)^ and were expected to be lees energy 

consualr^. The selected tasks were: cutting a green plan­

tain, grinding soaked rice, sweeping the floor and rinsing a 

napkin.

The experimental procedure consisted o fi-

A. Selection of the sample.

S. Selection and description of the household tasks.

C. Selection of equipment and tools.

0. Standardisation of methods.

S. Conducting the experiments.

The sample selected consisted of sixteen college students 

of Sri Avinsshilii^am Home Science College, Coimbatore. They
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FIGURE i

B E N E D IC T  ROTH APPARATUS

\
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ware normal and healthy individuals, with no tension. Out 

of the sixteen subjects, thrse were post-graduates and the 

rest under-graduates. The age range of the students varied 

froai 17 to 20 years* The height of the subjects varied from 

4*9" to 5*4" and their weights from 66 lbs. to 125 lbs. as 

shown in Appendix I . The "Basal Metabolic Hate1* was deter­

mined for each subject using the Benedict Roth apparatus, ae 

in figure 1. The individual Baeal Metabolic Rate data of 

the sixteen subjects are given in Appendix X. The Basal 

Metabolic Rate of the subjects ranged from 25.3 to 43.5 square- 

eeter of body surface area per hour according to Aub Dubois 

Standards.

B. pfi*ft<?U,9n..Ana 4ft».crlB$A9ft t f  frit

The four tasks chosen for the study were (1) Cutting 

e green plantain, (2) Grinding soaked rice, (31 Sweeping the 

floor, and (4) liinair^ a napkin, the most commonly performed 

in a ll the households interviewed.

Given below is  the description of each task:

1. Cutting a Green Plantain:-  The vegetable chosen for 

the cutting experiment was raw green plantain. The plantains 

for che whole aeries 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 

experiment. The basic cutting procedure in both the methods

?/
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consisted of peeling with *  sharp knife and slicing the plan­
' = ., f
ta in e  fo r  chips on a wooden board o f one iaeh h eigh t. In  

the proceee o f peelin g the akin w»a removed o f f  the p lantain  

fr o *  one end to  another, lengthw ise. th e thickness o f the 

s lic e#  was measured using a vern ier ca lip e rs . The average 

thicknose o f the s lic e s  was 0.2 ca and the average length  and 

the circumference o f  the p lan tain  were 6 .5 ” and 2.5W respec­

t iv e ly .

:

The subject squatted on the floor with s wooden board
• !

in front crossing the lege, with the forearms extended as in 

Figure 2*1, The wean angle# formed at the elbow joint were 

160® and 130® for the right and le ft  hands respectively as 

Illustrated in Figure 2 *2*

The subject stood on the floor with no stoop and cut
t

the plantain on a wooden board at a working height of Jf *5W 

as in Figure 3 The arms were placed over the cutting

board. The mean angles formed at the elbow joint, wore 160® 

and 130® for the right and the le ft arm reepectlvely ae illu s ­

trated in Figure 3 A?. With this posture the subject wade 

use of gravity, l .e . ,  the flow of work in the earns direction. 

Niekell and Dorsey (1960)^ claim that tasks oould be made 

easier by utilising gravity ouch as in cutting vegetables 

down on s board with a knife, t . )
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2« &rtadlttt Soaked The common atone device, named

'Kall-ural* was used for the ex^erioent on grlrxiing. The 

quality, quantity and the soaking time of rice were main­

tained constant throughout the grinding experiments. fori
one experiment on grinding, a cup of rice wax soaked in Xt 

cups ef water for seven hours. The soaked rice was placed 

around the grinder which was rotated with one hand while the 

other hand fed the rice into the depression of the 'K ail- 

o ra l'. Water was sprinkled from time to time to facilitate  

grinding and also to get the desired consistency. Here the 

principle of rhythm, *As the repetition of aovwaents at the 

same tempo* was applied. Bratton (1961)^ reports that the 

rbythmstic work was lees tiring than the non-rhythmic. **ith 

this basic procedure for grinding, the 'Conventional* and the 

'Improved' methods were employed ae described below!

a. j r i g » y < Q f c U f r * i . . d f i .
*f?5

The subject squatted on the floor, crossing the lege 

with the right hand extended for feeding the rice into the 

depression, and the le ft  hand holding the grinaer to maxe 

rotations as in figure 4 *x* The mean angles formed at the 

elbow joint# were 120° and 135° for the right and the le ft  

anas respect!vely as Illustrated in figure 4 *3.

The subject stood on the floor 2” away from the working
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surface which was at a height of 33.fi". Both the hands were 

extended for grind!ns as in Figure 3 A^. The mean angles 

formed at the elbow joints were 135° and 145° For the right

and le ft ares respectively as Illustrated in Figure 5 *2.

The sweeping involved the 

removal of 3/4 cup of sand, spread over & floor area of 76" 

a 120% A short broom was used for the * Conventional* method 

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

•improved' method of sweeping* following ie  the basic pro* 

cedure, sweeping was dons employing the Conventional and the 

Improved methods as described below:

e. idmvaflfctaaal. aa&tefcUtf, ittrifatm ifr* Aser.*

The subject swept the floor using e short broom with 

trunk bend* The broom was held in the right hand with the 

le ft  arm extended and resting along the side as in figure 

6 A^. The mean angles formed st the trunk bend wee 90° as 

Illustrated in figure 6 A2*

b. Improved method of awecpfPfc thg fltLQgt

The subject swept the floor in a standing posture using 

s broom with a long handle. The broom was held with both the 

hands, the right hand being at a higher level than the le ft as 

in Figure 7 A^. The right arm formed an angle of 90° at the 

elbow joint, as illustrated in Figure 7 A .̂ There was no 
trunk bend at a ll in this method*
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4. Glutting a Napkini -  The process of rinsing courtsted 

of kneading & napkin of 43* *  21* between the prtxa# and dipping 

in » tk! out. of soapy water contained in a wide-mouthed basin. * 

Xho soap solution was prepared with five cups of water and a 

teaopoonfui of soap powder. The rinsing was done for one 

rtnute. Following this basic procedure the Conventional and 

Xaprovod methods were employed as described below:

a. Conventional method of Finding 4

the subject sat with a knee-oend with her feet on the 

floor aa in Figure 6 A*. Angles of 90° were formed at the 

elbow Joints for both the arms, while taking out the napkin 

from tbs water in the basin, as illustrated in Figure 6 Aa,

b. Tfmnmead method of rlMtOK 4 W iM**

the subject rinsed the napkin in s standing posture at a.

working height of 25.6" as in Figure 9 Al*  M n  « * ! • •
formed et the elbow Joint in  both the arms were 99° as illu s ­

trated in Figure 9 According to Bratton (1961)^, the

force can be exerted downwards by the hands more easily and 

effectively from a right angle bend at elbow than in any other

direction. ~
a•i

C. Selection Of pqrtvmm  ..ftatiflall*-

The equipment and tools needed for performing the four 

eeloeted tasks, measuring armies, time, room temperature, room 

pressure and oxygen consumption are described below:
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U  Catting QrwB Plantain:- The following equipment 
were selected for cutting Croon Plantain.

a, A wooden board of 10* x 8.11* x 1*.

b. A stainless stool knife of 7.5" length, 0.11" width 

with a blade of 4" length, and

0. A pan of 6" diameter and 4” height.

2. Grinding Soaked Rlcsi -  A grinding stone otherwise 

called *Kall-ural* with an enamel bowl were the equipment 

selected for grinding soaked rice. The dimension* of the 

'Kall-ural* are given in Table 1. The •KaU-ural* consisted 

of two parts the upper part the grinder and the lower part 

the base with the depression into which the grinder fitted.

TABLE Z

DUCBIPldhS Of IU3 G&IJiDIiO STOUR.

Part Length Width Depth Diameter Height

1. Base (Square) 21* 16.5* * 15*

2. Depression — 2.5* 4*

3. Grinder 13* 3.5*4.1* 
(Upper)(Lower)

3. Sweeping the Floors- The equipments selected for sweep­

ing the floor were:

Arfiort broom of 26" lei*th , 16* thickness, 183 grams la

j

weight; a long handled broom of 31* length, 19.3" thickness and 

ft>3 grams in weight.



Two identical brooms of 28” length wore taken and one 

kept ao it  was to bo uaod as the short broom Tor tho Conven­

tional method and tho other mods longer by tying tho handle 

to a aloador cylindrical bamboo stock to bo used as tho long 

broom Tor tho Improved method,

4* Biasing a Jackins- A basin oT IB* diameter and 3,8* 

height was used,

5, An i^ r o v i^ i  device as described 

below was used Tor measuring angles oT the arms at the elbow 

joints. Two thin card-board strips one and-a-halT inch broad 

and one Toot lox$ each, were nailed together on one end eo -  

that they rotated smoothly in a ll directions with the nail ae 

fulcrun. while measuring the angle oT the arm l i f t ,  the -  

moveable device wae placed over the arm with the Tulcrum over 

the elbow joint with ite  two Tree ende placed along the upper 

and lower arme oT the subject. The angle oT the elbow joint 

wae then measured directly on a protractor, Larsen ( 1961)50 

had ueed a similar device made oT clear plastic protractor to 

which w*e fastened a moveable arm Tor measuring angles formed

by the am li f t ,

6, Till f 1-  A 9t9P watch wee ueed to note the

time.

7, M ooring Rena Temperaturei-  For measuring the room 

temperature, a centigrade thermometer was ueed.

40
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a, i f c l for ®s*»uring raw  prsaaurs
a F o ru a 'i burosiUr wac used.

oxygsn consumption KoTraagri NisiutUa Rsspiroaster and Beckman 

Oxygen Analyeer as la  Figure 10 used. Tha various parts of 

the keapirotteter and Analyser ara glvan below:

A, Farts of the aespironetor (Figure X I)»•

1* Sntry port*
2. Cosrugatad rubber hosa*

3* Rxit port*

4* Rubbar bait*

5* Valva.

6* Mouth placa*

' 7* Bose slip*

B. parts ot ffr« A»filirtir (Uigurs 12)

1* Absorbent ootton packing*

2. drying tuba cap*

3* Drying tuba*
4* Silica gal reaiccunt.

3* Aspirator bulb*

6* Aspirator tubing*

7* Aspirator check valva*

6* Instrument case* s
*

9* Shock absorbing packing*

10* Lamp switch*

u
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11. Sample ln lst.

12. Sample outlet.

13. Light beam mirror#.

14. Batteries.

15. Protective rubber bulb.

16. Adapter.

17. Sample tubing.

Detailed description# of the mechanism and operation of 

the Kofranyi Kichaelia Reepirometer and Beckman Oxygen Analyeer 

are given below:

A. Mechanists of  Kofranyi Michael!* Re#pirgffia.lti£^

The respironoter consist# of two chambers, each cham­

ber is  divided into two half-chambers by * moveable partition 

of lsathsr so that when one chamber is  fille d t the other is  

eiptied. These partitions transfer their movement over a 

lever system to a crankshaft *A* which turns a counting me cha­

nt ms and control# ths sliding valve# in that way that the half 

chambers f i l l  and empty themselves alternately.

The sliding valves are presssd on the valves lids by 

natal springs «P 1* and "F 2" , to remain clossd in any position 

of ths meter. Ths expired a ir enters by ths entry port "AS". 

In Figure 13, the mechanism for extraction of a sample has been 

clear by removing the top cover. It  consists of double— 

puflg) and 2 air valve sheets. The double-membrane 

P«»»P *DMF" consists of e metal piece. It  shows on both aids#

s



basin*shaped oavltiss, which are covsrsd with membrane rubber. 

The rubber membranes are tightened to the pump bars "P i", "F2”. 

These again are connected to each other by a metal ring, which 

is moved by the eccentric piece VB* on the crankshaft. 'A*. The 

pump can easily be removed by loosening its  screw joints. This 

w ill be quite useful when replaeii^ now rubber membranes.

The a ir valve sheets "V V1* are made of a se lf greasing 

synthetic product. They w ill be adjusted against each other 

in the out-phase of the membrane pump by one of the two slid ­

ing valves with the help of a push rod in that way, that the 

membrane pump alternatively sucks air from the entry port and 

then pumps it  into the rubber bladder.

The connecting tubee 'R 0 5’ between membrane puqp and 

air valve sheets consists of copper tubing and email rubber 

tubes. These rubber tubee have to be renewed at well as the 

rubber membrane of the double membrane pump when the rubber, 

due to deterioration, le  worn o ff.

The direction of air flow from the membrane pump to the 

rubber bladder le  regulated by 2 three-way tape. In the level 

position of the ’Hal*, the route to the exit port *St* le  -  

closed. The a ir flows through the third way of the tap to the

outside. In the vertical position of the tap, the expired air 

passes into the exit port "St" and f i l l s  the rubber bladder.

Zn the level position of the tap "Ha 2" both halves of the -

46



4-7/ •

FIGURE-10 '
KO FR AN VI M IC H A E L15 R E 5P1R 0N E T E R

AND
BECKMAN OXYGEN ANALYSER



double membrane pump £111 the rubber bladder ( 09 6% take-off) 

which, having turned the tap in vertical petition, only one 

half le  fillin g  the bladder (0, 3£ take-off).

Through the transmission of the crankshaft rotation 

over the toothed wheel *32* on toothed wheel *?1 * of the count­

ing mechanism, continuous registration of the expired a ir le  

made* The counting mechanism with toothed wheel , 21* in Its  

position to the crankshaft can be moved into level position*

At the level position of the already mentioned 3 way 

tap 'Ha 1* the indicator w ill be moved to the le ft  by a spring 

pressure of spring *F 3*• The cog wheel *2 1* and *2 a* are 

are unmeshed and no further measurement of expired a ir takes 

place* In this position a strip of spring *F enters the 

cog wheel *2 1* and thus prevent the movement of the counting 

mechanism* At the level into the vertical position, the cog 

wheels are again meshed and measurement of expired a ir starts 

simultaneously*

This possibility of enmeshing and unaeehing the count­

ing aschaniam simultaneously with the opening or closing of 

the exit port *3t* enables an exact reading of the counter 

either before or after a respiration test*

The count!% mechanism le  externally protected by a 

glass window embedded into the top cover* The misting of 

this glass window can be avoided by spreading a glycerine
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va—U m  Mixture over it . The window can also bo r«aa©ved 

without &Cfooting tho tunction ot the gat mtof* Condensed 

oopour in tho gas Motor can bo poured out of the porte at the 

end ot a tost. For the actual Motor temperature check! 

a thoraoMotor haa boon built into the top cover ot the gao 

aotor.

A plate which lo placed on the top cover ahowe the fun­
ction of the tape.

'the ohouldor etrape permit a rucks&ct-like carrying of 

the gao motor. On account ot ita  position near the centre 

ot gravity and ite  light weight it  w ill hardly affect the

For experiments of long duration in conditions of phy­

sical strength especially m  hot conditions, it  would be advan­

tageous to place a sponge rubber cushion on the back of the 

meter for better padding*

The operation of the Reaplroaeter involves the follow­

ing etspsi-

1 . Saturating the rubber bladder with the expired air  

for 2 to 3 hours in order to f i l l  in the air spaces of the -  

bladder, thus preventing diffusion of a ir.

2. Placing the fteepirooteter on the back of the subject.



F I G U R E - ' 2-

"PARTS OF THE BECKMAN 0XY7EN ANALYSER
1. a b s o r b e n t  cotton  packing

2. DRYINC* tu b e  c a p

3. DRYING-TUBE
4. SILICA CEL DESICCANT 
f>, ASPIRATOR BULB

6. ASPIRATOR TUBINC

K). LAMP S W ITC H  
II,SA M PLE  IN LET  
12.SA M PLE  OUTLET  
I3.LICHT BEAM MIRRORS 
14 B A T T ER IES  
I5.PR0FECTIVE RUBBER BULB

7, ASPIRATOR CHECK VALVE |6. ADAPTER

8, INSTRUMENT CASE H. SAM PLE. TUBINC

9, SHOCK* ABSORBING PACKING
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3* Attaching the rubber bladder altar emptying, to tha 

exit port of tha respirameter, with a screw clip on.

4. Fixing tha nose clip and mouth place.

5. Turning tha tap on tha respirometer (right hand side 

of tha subject) to tha position required to extract either

0*6 or 0. 3̂  of tha total expired air passing through the ms tar.

6. noting down the reading on the meter scale of the 

respirometer.

7. Turning the tap on the re spirometer (le ft  hand aids 

of the subject) to the vertical position.

2. noting down tha time, room temperature and tha baro­

metric pressure.

9. Turning the tap to the horizontal position at the 

end of each teat period.

10. Hoting down the reading on the meter dial of the res- 

plrometer.

11. Removing the nose clip and mouth piece.

12. Removing the rubber bladder after closing it  tight 

with the screw clip.

13. Analysis of the gas contents in the rubber bladder.

14. uemviig the raaplrometer.
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15. Cleanli^ the mouth place and the nose clip.

a . mtmBkmutf tfta A ttiw a  .QmtnAvAm u:*

Beckman Oxygen Analysers are baaed on a simple pheno­

menon «  the magnetic susceptibility of oxygen. The suscepti­

b ility  of oxygen can he thought oT ae e measure of the propsn- 

alty of an oxygen molecule to become a temporary magnet when 

placed in a magnetic fie ld ) this la  analogous to the effects 

of a magnetic fie ld  of soft Iron. The figure 14 shows the 

heaeurli^ System of the movement of test body suspended in a 

magnetic fie ld  causes light beam to indicate values on the 

scale. The heart of the oxygen measuring system Is  a small 

glass dumbbell suspended on a taut, durable, quarts fibre In 

a non-uniform magnetic fie ld  ae in Figure 15. At the squ illi- 

brlum the magnetic force on the dumbbell is  balanced by the 

torque of the quarts fiber. then a gas sample containing 

oxygen is  drawn into the test chamber surrounding the dumb­

bell. the magnetic force le  altered. This change in force 

allows the dumbbell to rotate. The degree of rotation is  

proportional to the change in force; the change in force is  

proportional to the partial pressure of oxygen in the sample. 

a mi till mirror attached to and rotating with the dumbbell 

throws a beam of light on the instrument*# translucent scale. 

The position of the light beam on the scale indicates the 

partial pressure of the oxygen.
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B. Operation of the Beckman Oxygen *naly.tiEt

1, Connecting the rubber bladder to the sampling 

tuba after ramoving the protective rubber bulb.

2* Loosening the screw clip on the rubber bladder.

3. P r e s s ! a n d  releasing the aspirator bulb t i l l  

a ll the a ir in the bladder enters the analyser*

4. Noting down the percentage reading on the meter 

scale of the analyeer at once*

The factors which were common in the Conventional and 

the Improved methods for cutting green plantain, grinding 

soaked rice, sweeping the floor and rinsing a napkin ware 

etanderdieed as given below*

1. Cutting a Green Plantain:
a. Holding the plantain in position over the wooden

board*
b* Removal of the outer green skin off the plantain 

from the stem end lengthwise*

c* Slicing the plantain crosswise to give pieeee of 

the ease dimensions*

d; Removal of the peels from the board*

e. Leaving the slices in a pan to the right side of 

the subject*



a. Placing the soaked rice la  the grinding atone.

b. Holding tha grinder, with tha le ft hand.

c. Rotating eloekwiaa with tha la ft  hand and tha 

right hand continuously feeding tha rice Into tha depression.

d. Lifting tha grlndar and taking out tha rice fro®

inside.

a. Sprihklim water once with tha right hand during 

tha experiment.

3.

a. Tha standing position of tha subject.

b. Method of sweeping, is .* tha type of awing made 

by tha broom la  one direction.

4 . aidaB iagJLjW sto*

a. Holding the napkin.

b. Dipping in and taking out.

c. Kneading the napkin between tha palms.

d. Alternating the process of dipping and kneading.

The following ware tha steps in conducting tha experi­
ments*
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1, Preparation of the work area,

2, Preparation of the subject,

3, Op oration of tho reepirometer.

4, Performance of tho tasks,

5, Analysis of tho gas concents in tho rubber bladder,

6, Conversion of the data to oxygon units,

1. Preparation of the work . area »-

Preparatlon of the work area reant the placement of the 

tools needed for a particular task ready for the work.

2. Preparation of the sub.lsfi&i-

Preparation of the subject involved the placement of 

the reepiromtor on the back of the subject with the necessary 

connections; and maintaining the standardised position of the 

subject for work.

3. Operation of the rasplroaetsr;-
The reepirometer was operated ae described on pegee 50

and 52.

4. Performance of the taokat-

The selected taeka were performed by the subject ae des­

cribed below.

a. Cutting a green vegetable:-  For cutting a green 

plantain the standardised basic procedure ae given on page 56 

was followed for the conventional and the Improved methods.
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Since a plantain was taken ae the standard, sin plantains were 

needed, thrss for sach method. Ths tins taken in cutting a 

plantain was noted down*

b. m m m  Mb&a&SLS*-- For grinding ths soaked rise  

ths standardised basis proosdurs as given on page 5? «*a -  

followed for the Conventional and the Improved nethods* The 

grinding was carried out for one minute end ths tins was noted* 

Hers, ths tins was ths constant factor*

c. Sweeting the floor*- For sweeping the floor the -  

standardised basic procedure as given on pegs 57 was followed 

for ths Conventional and ths Improved methods* The time taken 

to sweep the marked floor area was noted down.

d* Rinsing a napkins -  For rinsing a napkin ths stan­

dardised basic procedure ss given on page 57 was followed for 

both ths Conventional and ths Improved methods* Since rins­

ing was done for one minute the time wee noted* Hers ths tins 

was the constant factor*

The above four tasks performed by the Conventional and 

ths Improved methods were repeated thrss times by each subject 

and for sach method.

5. AralyilJi, s i ftftt gftt.wnHBULJiii

The gas contents of ths rubber bladder were analysed as

per procedure given on page 56*
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6. C on w lon  of the da^a to o ^ a fi unite: -

The data were converted to tha amounts of oxygon cott­

oned in torma of cubic centimeter* per minute using the -  

following formula}

1. Corrected volume of a ir •
Oae motor reacting x Correction factor* 

(in  litres )

2 Corrected volume of a ir at .Wf *P. 

Corrected volume of a ir x x i f ,  pressure in mm
273 ♦ observed temp

e

3. Correction for oxygen coneuaption (I )  •

No.of mts. the expired a ir wee kept in the
rubber bladder x 0,04

Corrected volume of a ir at H.f.P. x Hate at 
at which the expired a ir woe collected

4. Corrected volume of oxygen •
Percentage of oxygen in the expired a ir -  I

$• Volume of oxygen consumed •

Percentage of oxygen in the atmospheric a ir •

Corrected volume of oxygen

6* Total oxygen used per minute •

Corrected volume of air at N.T ,P, x Volume of
_____ ___________ oxygen used

NO, of mts, the expired a ir was kept in the
rubber bladder x 100

7* Cubic centimeters of oxygen •

Total oxygen need per minute x 1000
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The correction lector lor the reading* of the roepiro- 

meter was 1,024, The rate at which the expired a ir wae col­

lected in the rubber bladder wae 0*6 per cent of the total 

air, the percentage of oxygen in the expired a ir ranged bet­

ween 15 to 17 on the meter ecale of the oxygen analyser, the 

percentage of oxygen in the atmospheric air wae taken a* 20,97*

61
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... XV. S0UTS AJH ’'ISCUS'I j# ' ' ,

The data obtained in the experiment on oxygen coneuop- 

tion for the houeehold taake performed by the Conventional and 

Improved method* were compared in relation to (A) Oxygen Con­

sumption (6) Time Management (C) Convenience and Saee of work.

A. Oxygen Consumption

the oxygen coneuaption for the four selected household 

taake la  given below:-

1. O w n  CoBWBit for CuMlnt «  Qrwa Fl»tHaloi- 

table I I  gives the mean oxygen coneuaption for cutting a green 

plantain by the Conventional and Improved nethode in coble 

eentinetere per minute.

tabus XI

MEAN OEXQSM CONSUMPTION IS CCTfXdC A OaSSN PLANTAIN bl TH5 
COaV̂ W’lCNAU AMD IMPROVED MOTIONS.

Rep licatlone
Cubic eentinetere per minute Percentage

Conventional Improved Difference oxygen eon- 
method method eumed.

1 396.6 367.6 31-0 7.7
2 376.0 365.0 -  7.0 -  1.6

3 358.4 375.0 -  16.6 -  4.4
361.6 375.8 5.6 1.5
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As indicated la  Table 12, tbs average amount of oxygen 

consumed for cutting a green plantain by the Conventional and 

Improved methods were 331.6 and 375.3 cubic centimeters per 

minute respectively, with a saving of 1.5 percentage of oxygen 

consumed in favour of the Improved method although this d lffe - 

re nee was not statistically significant as presented in Appen­

dix II .

2. Oxygen Consumed for Grinding Soaked M ost- Table 111 

gives the oxygen consumption for grinding soaked rise by the 

Conventional and Improved methods in cubic centimeters per 

minuts.

tabu; III
M8AH 0l3fQS« COBSUHFTIOB IH OttlNDIMQ SOAK HD aid BT THS CGMVSIi-

T1GHAL AMD IMPftoVKD MSTHQD3

Replications
Cubic centimeters per

Conventional Improved 
method method

minute Percentage
Difference oxygen con­

sumed.

1 473.3 453.5 14.3 3.1

2 471.2 452.4 20.9 4.3

3 461.3 463.9 17.4 4.3

Average 475.2 453.2 17.0 3.6

As indicated in Table I I I ,  the average amount of oxygen 

consumed for grinding by the Conventional and the Improved -  

methods were 475.2 and 453.2 cubic centimeters per minute -
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respectively, resulting in a difference of 17*0 cubic centi­

meters of oxygon, which was found to bo statistically signi- 

ficarst boyond on© par cant level• a* praaantad in Appendix 111* 

A earing of 3.6 percentage baa resulted in favour of the Imp­

roved method. Hence, it  can be said that the Improved method 

of standi and grlndii^ over a working height ia auperior to 

the Conventional method of sitting on the floor and grinding.

It waa obaerved that while grinding in a standing posture, the 

arms of the subject made use of the principles of gravity with­

out additional strain on the muscles of the arms. Sitting on 

the floor and grinding caused greater friction and strain on 

ths muscles of the arms as the hands were not able to fa ll  

naturally.

3. Qxraan Consumed for Sweeping the H ope*- Table IT 

gives the mean oxygen consumption for sweeping the floor by the 

Conventional and Improved methods in cubic centimeters per 

minute.
table iv

REAM OITQSN CONSUMPTION IN SWREPlRi THE FLOOR BX THS CONVENTIONAL AND IMPROVED METHODS

• 64

R eplications
Cubic centim eters per minute

Conventional Improved D ifferen - 
method method ce

saving in  
oxygen con­

sumed.

1 605.5 538.9 66.6 10.9

2 5&3.1 528.6 59.5 10.1

3 614.) 525.3 89.0 14.4

Average 601.1 530.9 70.2 11.6
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At indicated in Table IV,. an average amount of oxygen 

contused for sweeping the floor by the wonventional and Imp­

roved aethod# were 6014 and 530.9 cubic centimeters per -  

minute respectively, resulting in a different of 70.2 cubic 

centimeters of oxygen i&ich wot found to be statistically  

significant beyond one per cent level at presented in Appen­

dix IV. A saving of 11.6 per eentage of oxygen consumed has 

resulted in favour of the Improved method. Hence, it  can be 

eaid that the Improved method of using the long handled brooo 

ie superior to the Conventional method of using a short broom.

4. frTCtftn ftflwimed for Rinsing a Baoklm-  Table V 

givee the mean oxygen consumption for rinsing a napkin by the 

Conventional and the Improved methods in cubic centimeters of 

oxygen per minute.
TA84S V

MB AN U&XGBN CONSUMED IN iUNSXiC A Will BT THI 
CONVENTIONAL Am  IMPROVED methods

implications
Cubic centimeters per minute

Conventional Improved Difference oxygen con- 
oatlxod aethod euited.

1 537.2 446.9 66.3 16.4

2 520.2 429.9 90.3 17.3

3 496.6 46$ .4 33.2 6.4

Average 516.6 446.6 72.0 13.6

Ae indicated in Table V, an average amount of oxygen
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consumed for rinsing by tbs Conventional And Improved methods 

were 516.6 and 446.6 cubic centimeters per minute respectively, 

resulting in s difference of 72 cubic centimeters of oxygon 

tabled was found to bo statistically significant beyond one per 

cent level as presented in Appendix V. A seeing of 13.6 per­

centage of oxygen consumed bee resulted in favour of the -  

lug>roved method. Hence, it  can be said that the Improved 

method of standing and rinsing ie superior to the conventional 

method of sitting on the floor and rinsing.

b . m a t

The time token to cut one whole green plantain and to 

sweep a definite floor area ae in the previous chapter were 

determined for the Conventions! and the Improved methods and 

compared.

T ta i in  v o t in g .* .A l la n  Pluiftftin*-

Tade VI gives the mean time taken to out a green plantain by 

the Conventional and the Improved methods.
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TABLS VZ

KSAN TIMS TAKEN IN c U m » i A URR&li PLANTAIN B l 
THS CONVENTIONAL AND IMPROVED J^THGDS

Replica­
tions Conventional

method

Seconds

Improved
method

Percentage 

Difference tine taken

1 112.4 120.6 • 6.2 • 6.7

2 114.3 123.6 -  9.3 -  7.5

3 119.3 123.4 -  4.1 -  3.3

Average 115.3 122.5 -  7.2 • 6.2

Agindicated in Table VS, the average tiae taken Tor 

cutting a green plantain by the Conventional and Improved 

aethoda were 115.3 and 122.5 seconds respectively, resulting 

in a difference of 7.2 which was found to be statistically  

not significant even at five per cent level as presented in  

Appendix VI. A saving of 6.2 percentage of time taken has 

resulted in favour of the Conventional asthod of sitting on 

the floor and cutting.

2. M m  H angm an! %h...awMrtiK S ta g * -  Table VI1

g ives  the mean time taken fo r  sweeping a d e fin ite  f lo o r  area 

19 the Conventional and the Improved aethoda se g iven  in  the 

previous chapter.



t a bl e VII
MEAN TIMS TAKEN IN 3WESPIIG THE F L O O R BX THE CONVENTIONAL AND IMPROVED METHODS

Replica­
tions Conventional

method

Seoonda

Improved
method

Difference

Percentage 
savlr^ in 
time taken

1 65 0 .6 21.4 32.9

2 70 42.6 27.4 39.1

3 75 42.6 32.4 43.2

Average 70 42.9 27.1 38.7

As indicated In Table VII, the average tine taken Tor 

sweeping a definite floor area by the Conventional and the 

Improved methods were 70 and 42.9 eeconda reapectively, re­

sulting in difference of 27.2 eeconda which waa found to be 

statistically algnif leant beyond one per cent level ae shown 

in Appendix VII. A aaving of 38.7 percentage in the tine 

taken baa reaulted in favour of the Improved Method of using 

a long handled broom. Hence, the Improved method of sweep­

ing using a long handled broom was superior to the Conven­

tional method of using a short broom.

C. Convenience and Saaa af JSQgk

Convenience and ease of work in performing the selected 

taake were studied with regard to the Conventional and Imp­

roved methods. The subjects were requested to give their
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opinion regarding the methods followed In order to know whe­

ther or not Uie Improved method went real improvement for 

the worker, whoee comfort and convenience counted moot. The 

subjacta' comments about convenience In the methods of work 

and the different posit lone during the experiment were re­

corded dally.

Table VIII gives the preferences of sixteen subjects 

for the Improved method over the Conventional method used for 

performing the selected tasks.

TABLE V l l l

PRSFERENC2 FOR THE IMPROVED METHOD

Task No. o f  
subjects Reasons

Cutting a green 15
plantain

Grinding soaked rice 16

Creeping the floor 12

Rinsing a napkin 16

Convenience and ease o f  work, 
la rge  work area fo r  work.

Convenience and ease o f  work.

Absence o f  physical fa tigu e  
due to  bending and novelty 
o f  the method.

Convenience and ease o f  work.

Ae Indicated in  Table V I I I ,  a l l  the sixteen  subjects 

preferred the Improved method fo r  grinding end r in s in g . Out 

o f s ixteen  subjects, f i f t e e n  and twelve preferred  the Improved 

omthod o f  cutting and sweeping the f lo o r  resp ec tive ly . * or
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the ***** a c t iv i t ie s ,  cos and lour subjects resp ective ly  pre­

ferred  the Conventional Method fo r  no s p e c if ic  reason.
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V* r.UMMAHl AMD CCMCUJSIOM

The purpose o f  the study was to  cospare the oxygen con­

tused fo r  the Conventional and laqproved methods used fo r  per* 

fo rm ic  four selected household tasks. The tasks chosen were; 

cutting green p lantain , grinding soaked r ic e ,  sweeping the 

f lo o r  and rinsing a napkin. Sixteen co llege  students between 

16*20 years o f age were selected fo r  the experiment. Kofranyi

M ichaelis Heapirometer and Beckman Oxygen Analyser were ueed 

fo r  the measurement o f  oxygen consumption.

The Conventional and Improved methods of cutting plan­

tain and grindii^ rice, consisted of squatting on ths floor} 

s t a n d io n  the floor and working over a haight respectively.

The working height for cuttii^ and grinding were 31.5" and 

33.3” respectively. The Conventional and Improved methods 

of sweeping the floor consisted of using a short broom and s 

broosi with a long handle respectively. The Conventional method 

of rinsiEg consisted of sitting on the floor for work with a 

kneqfbend. The Improved method of rinsing consisted of stand* 

l i «  on ths floor and working over s height of 28.5". The expe­

riments on each activity were repeated thrice for each method 

and by each subject. The experiments were conducted during 

evenings after light refreshment.

A summary o f the resu lts  obtained from the analysed data 

is  g iven  below:

The mean difference in the oxygen consumption between
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the Conventional and Improved methods fo r _

i .  cutting a green plantain wae found to  be s ta t is t ic a l ly  

in s ign ifica n t even a t f i v e  per cent le v e l .

i i .  grinding soaked r ic e  was found to  be s ta t is t ic a l ly  s ign i­

fica n t beyond one per cent le v e l ,  Xhe Improved method 

saved 3.6 percentage o f  the oxygen consumed fo r  grinding.

i l l .  sweeping the f lo o r  was found to be s ta t is t ic a l ly  s ign i­

f ic a n t beyond one per cent le v e l .  ?he Improved method 

saved 11.6 percentage o f the oxygen consumed fo r  sweeping.

iv .  rinsing a napkin was to  be s ta t is t ic a l ly  s ign ifica n t be­

yond one per cent le v e l .  the Improved method saved 13.6 

percentage o f the oxygen consumed fo r  rinsing .

Thus from the resu lts  summarised above, i t  i s  evident 

that excepting in  the case o f  cu tting, the Improved method has 

proved b e tte r  than the Conventional method with regard to time 

u t il is a t io n  and energy expsnditure which i s  d ire c t ly  propor­

tion a l to  the oxygen consumption in  cubic centimeters per minute.
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