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(1.1) If we say that furniture designing is a field into which scholars of
many sciences have stepped during the last two decades, it is not to scare
the Indian furniture designer (if there be many in our country). Ours isan
age when sciencc should not be scary to the pursuers of applied art. In fact
f,iZE“ﬁ‘ knowledge makes the art of designing a greater art. (Verma,

a).

(1.2) Recently, we came across a three-page appreciationof a lady who
is said to be at alented furniture designer of our country. The magazine gaves
pictures of items designed by her and referred to her modern ideas in the
fields: Frankly speaking, we doubt very much whether she has contributed
anything really useful to the art of designing furniture. She has contributed
only to the art of decoration and ornamentation applied to furniture. It
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would be wrong to call her a furniture designer. This is the time for us to
understand the difference betwesn decoration and design, between a ‘new
style’ and an ‘improved design’.

(1-3) The fact that the scientific priaciples can revolutionize the design
of furniture, garments and othcr articles of daily use, has not yet caught
the attention of designers, manufacturers and applied scientists of this
country. The reason has been mainly the static conditions through which
India has passed during the last few centurics and resulting frozen minds
of most of its people. Progress is bound to be slow and halting when we
have been in the habit of holding fast to the traditions, good or bad. Tec-
hnologically we are growing, and occasionally tend to grow very fast, but
certain other things of no less value to life almast refuse to change with
the times e.g.. our habits, our social set up, our to> much adherence to
religious belicfs and practices.

(144) Of course our problems are great and we do not have the Alladin
lamp to change our whole life overnight. It will take time to get out of the
clutches of the past. Questions of foad, shelter and clothing have to be
given top priority, and  other problems will take their own time to meet
solutions. Education is fast spreading but we neither have a really good
plan for imparting the right type of education nor an adequate number of
schools to accomodate al! students, Under the circumstances, it does not
look quite nice to suggest that schools should bz spacious, beautiful, rightly
furnished and homely. When the buses plying in Calcutta city go crowded
to the bursting point, with an extra dozen of passengers hanging at the
doors, our minds tend to think more of the problem of crowded buses and
surging populaiion than about the design and arrungement of seats in
them. But then, somstims$ [ feel that ‘one thing that India requires in so
many fields is to'be hit on the head’ so that we atleast start thinking in the
right direction.

(1.5) However, before the readers get the impression that good design,
¢.g., in seats, is a luxury for India, they must realise that a close correla-
tion exists between hzalth and good posture. If a scat maintains body in
a poor posture, it is likely to result in disabilities involving skeletal, mus-
cular, circulatory and digestive system. It has been observed that correc-
tions in posture increasc alertness, vigour and endurance, and improve
circulation and respiration of most people

(1.6) The question of good design, by which we always meana
scientific design, comes up when we start using a seat. What about situ-
ations where workers are not using, or not allowed to us¢ any kind of
seat? For centuries, it has been a belief with most of the people that
seats are inclined to encourage laziness, that better work is . possible while
keeping standing.  For this reason, in certain working situations the pro-
vision of scats was considered unnccessary and undesirable. This was parti-
cularly true in factories, manufacturing concerns and jobs of armed forces
where the general practice was to keep operators standing at work. In

Calcutta, not to talk of conditions in factories, even drivers of tram-cars
have been standing at their work for the last several decades. Is it impo-
ssible to provide them with scats 7 No. But who cares ?
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(1.7) It has not been realised fully in India that prolonged standing at
work causes avoidable discomfort and early onset of fatigue. In keeping
body upright, the muscles of thighs and calves do not find opportunity to
relay, resulting in consumption of body energy whieh can be better utilized
for work. The use of suats reduces futigue, increases output by increasing
efficiency and accuracy. Therefore, operutors should sit at their work
wherever practicable.  When we say this, it must be emphasized that the
seats should be really useful and healthy for the user. This is not possible
unless the design is scientific.

(1.8) In Britain, the Factories Act, 1948, requires that ‘where any
employed persons have in the course of their employment reasonable oppor-
tunities for sitting without deteriment to their work, suitable and sufficient
facilities for sitting must be provided and maintained for their use to enable
them to take advantage of those opportunities’. The seat provided should be
of a ‘design, construction and dimensions suitable for him and the work
together with a footrest on which he can readily and comfortably support
his feet if he cannot do so without the footrest’. These requirements
affected all workers irrespective of sex or age (Ministry of Labour and
National Service, Welfare Pamphlet No. 6, 1951).

(1.9) The science of scating, as many other branches of science, got
impetus as a result of urgency with which scores of war-problems were
solved to provide greater convenience, efficiency and safety in the operation
of aircrafts, naval warweapons and in a variety of other working siluations,
Solutions for the problems were generally found for rather special situa-
tions and so the principles formulated for guiding the design and cons-
truction of seats were most useful in those particular situations, But
many of those principles can also be fruitfully applied to numerous indust-
rial situations and in buses, tram-cars, trains, cinema-halls and homes. The
final design of a seat in a particular situation should however always be
troated as an individual problem.

(1.10) The scientific principles in furniture designing, particularly seat
designing, have already been disscussed by Verma (1960 b). Some of
those conclusions are repeated here to provide the necessary background
for fucther consideration of the problers and the manner in which it can
be solved.

(1.11) A seat of proper size and correct design makes sitting a
comfortable job and provides an efflcient working position. This is a
position in which the different segements of the body are balanced
vertically upon one another, so that the weight is borne mainly by the
bony framework with a minimum of cfforis and strain on muscles and
ligaments (Bowen, 1928), and no arterics or nervesare subjected to exces-
sive pressure. By permitting several restful positions to the body it allows
the user to change his posture from time to time and during rest-pauses,
thus promoting blood circulation through fatigued muscles (Vernon, 1922).
In a suitably constructed chair, onc is able to slide forward and lean
against a back-rest thus disturbing some of the body-weight
to the back and relieving the pressure on the skin over the
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buttocks (Darcus and Weddell, 1947). A reclining position provides
more rest than small changes in the upright position (Gilbreth and Gilbreth,
1919). Christensen (1951) also points out that ‘a sitting position with the
legs close to horizontal level will favour the return flow of blood to the
heart and diminish the blood accumulation, in the legs, arising from the
hydrostatic effects.

(1.12) Akerblom has bricfed the chief characteristics of an ideal chair
as follows : ‘[tissolow that even those with short legs can sitoait
without discomfort to the legs. The seat slopes somswhat backwards.
These characteristics combine one to make full use of the backrest. The
backrest slopes backwards and has a forward convexity which give restful
support to the small of the back. A particularly important characteristic
of the chair is the good opportunity which it offers for changing one’s
position’.

(1.13) In Britain, standard specifications for school tables and chairs are
available. These specifications are based on results of anthropometric
surveys (B.S. 2639:1955; see particularly B.S. 3030 and Hammond 1960).
One such survey is known as Birmingham Anthropometric Survey, planned
in 1946, whose first report appeared in 1947, and the second report, based
on more adequate samples, was released in 1956 by the Department of
Anatomy, University of Birmingham. The report is based on forty measu-
rements taken on 5,000 children of the age-group 5 to 18 years, taken from
138 schools. Tn U.S.A., the size and design of most of the school furniture
and equipments now in the market, is based on Bennett's (1928) measure-
ments, and the recently undertaken survey, directed by Martin (1953),
Specialist for School Furniture and Equipment, U.S. Department of Health
Education and Welfare. The last report has proved valuable to design
engineers, manufacturers of school furniture, architects, school administra-
tors, school business officials and class room teachers.

(1.14) Body-measurements in characteristic working positions can
improve the design of school equipments and thus contribute to the efficic-
ncy, health, comfort and safety of the students. A sound knowledge of
man’s proportions, anatomy (especiully bone structure), and possible move-
ments is a great asset to the designer (Kape, 1956). ' ‘Investigations show
that discomfort and bad posture may result from unsatisfactory table and
chair heights, which generally in the past tended to be 100 high (B.S. 2639:
1955). Akerblom (1948, 1951) points out that sufferers from back-ache and
people with weak backs are benefited by scientificaly designed chairs and
tables. He suggests that it may also help in the prevention of weakness of
the back. Prevention of weakness of the back fin growing children, and
the promotion of efficiency and safety of factory-workers should draw the
immediate attention of India’s anthropologists, the Education Ministry, the
Health Ministry and the Indiun Standards Institution. The accelerated
body-development, as has been observed in Brituin, U.S.A., New-Zealand
and some other countries, emphasizes the importance of continued research,
Americans have been wise enough to have increascd the width of, say,
standard theatre-chairs from 18 inches, in early 1900’s to 20 inches around
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1930's and finally to 22 inches, in keeping with the increasing size of the
ople. If they do not do so, and a theatre gets fire, customers would find
it difficult to get out of their seats |
().15) Modern furniture designers must have a thorough knowledge
about the materials they handle, the construction process and factory
requirements, What about basic facts and figures about the human requi-
remeats with regard to furniture ? Who will tell them about physiological
qui of man, if physiologists don't do it ? Who will tell them about
the size and shape of men, women and children living in diffecent regions,
if anthropometricians don't help them ? In thisage of science, scientists
should help designers in refusing to rely on guess work and rough methods.
(1.16) Indian scientists, therefore, must feel the urgent need for anthro-
pological, anatomical and physiological researches which will guide the
manufucturers in producing furniture ia correct sizes and shapes, and thus
contribute to the efficiency, health, comfort and safety of the people in
homes and in numerous working situations (Verma, 1959).

2. An Experimentsl Survey

(2.1) A few years back we decided to conduct a large scale aathropo-
retric survey for solving seating problem in schools. We were to deal
with a new set of measurements, other than the so-called classical ones
which we had ily used in previous surveys. We also needed special
instruments and equipments for the survey and as they were not manufact-
ured anywhere, they were t& be designed by us. To get used to the new
type of measurements and to design new equipments suited to our work, we
held some cxperiments. It was during the period of experimentation that
some measurements were taken on 66 boys of a small school in Calcutta.
All the students measured were in the age-group 16 to 25 years,

Measurements

(2.2) Ten measurements were taken on each individual. They were
Stature, Sitting Height, Seat Length, Buttock-knce Length, Elbow-seat
Height, Back Height, Shoulder Breadth, Hip Breadth and Weight. The
definitions followed for these measurements are given below.

(2.3) Stature : The subject in barc fect stands on a foot-plate as erect as
possible, with heels in contact, shoulders erect, arms pendant at the sides
with palms facing inwards, and looking straight ahead with the head in the
eye-bar pline so that the axis of vision is horizontal (an approximation to
the Frankfurt Horizontal plane). The height of the vertex (the highest
point on the top of the head in the mid-sagittal plane) above the surlace
on the footplate is d by an anthrop lamped to a stand that
keeps the instrument vertical,

(2.4) Sitting Height : The subject sits on a horizontal seat in the most
erect position possible. The spine is held in the erect standing position and
the lumbar curve is maintained. The thighs are horizontal, the knees
flexed, the legs vertical and the feet resting on the foot-boaid. The
plutcal and extensor muscles of the thigh are relaxed and the body
weight falls on the ischial tuberosities. The head is in the eye-ear plane.
The height of the vertex above the surface of the scatis measured by an
anthropometer.
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(2.5) Scat Height : The clothed individual sits on a horizontal seat in a
normal crect position. The thighs are kept horizontal; the legs vertical and
the fect allowed to rest on the top of the foot-boards placed upon each
other. The front edge of the seat touches the hollow of the knee. The
shoulders and buttocks are in contact with the vertical back rest attached
to the seat. The upper arm is pendant, the elbow fixed, the forearm and
hand lying on a horizontal axis and the palms facing inwards. This posi-
tion is maintained for all the subsequent measurements except weight. The
height of the seat ubove the surface of the foot-rest is measured. (Note :
With the use of foot-boards of fixed thickness, in place of an adjustable
footrest, it could not be possible to take correct masurement of seat height
in the case of every individual, These measurements are therefore appro-
ximations but they are equally useful for our purpose here.)

(2.6) Seat Length : Subject’s position as in (2.5). The distance between
the back of the buttocks and the uppsrmast part of the lower leg behind
the knee is measured. In other words, it is the length of the seat from its
front edge to the back rest.

(2.7) Buttock-knee Length : Subj:ct’s position as in (2.5). The horizo-
ntal distance between the back of the buttocks (or the front surface of the
back rest) and the skin over patella (kne2 cap) is measured.

(2.8) Elbow-seat Heigth : Sut?iect‘s ssition as in (2.5). The vertical
distance between the lower surface of the forearm and the surface of the
seat is measured.

(2.9) Back Height : Subject’s position as in (2.5). The back height, as
measured here, is the vertical distance between the point cervicale (the
extremity of the long and prominent spinous process of the seventh cervical
vertebra, known as vertebra prominens) and the surface of the seat. This
measurement is a little different from the back height used by Hooton for
the survey in railway coach seating. Instead of the cervicale, he chose the
point of junction between the head and neck, roughly called the ‘nape of
the neck’. His was therefore a little larger than what has
been obtaind in the present survey.

(2.10) Shoulder Breadth : Subject’s postion as (2.5). It is the maximum
contact dimension across deltoid muscles around the shoulders.

(2.11) Hip Breadth : Subjzct’s position as in (2.5). Itis the maximum
lateral diameter of buttacks (upper thighs).

(2.12) Weight : The subjxct in  ordinary clothes, without shoes and
heavy pocket contents, stands still on the platform of the weighing machine.
Weight is recorded to the nearest pound.

(2.13) The measurements taken have been givenin Table 1. Ranges
and means are also given in the sams table. Mzasurements for seat height,
seat length, elbow-seat height, shoulder breadth and hip breadth have bsen
arranged in order of i ing value, sep ly for each character, in
Table 2.

“Key-Measuremeuts'

(2,14) Of the above ten measurements, stature, sitting height, buttock-
knee length and weight are not useful for sizing a ssat. Stature is impor-
tant because body-dimensions considered as proportions of stature prove to
be of great value (Barkla, 1961), particularly in situations when an idea is
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to be formed of body-dimensions of a population which has been measured
for one or two characters only.

(2.15) The information we usually have in abundance is only about the
height and weight of different people. Fortunately, this pair of measure.
ments is most useful in predicting distributions of other body-measure-
ments since it has been found that some body-dimensions are closely related
even in individuals of different body-build. Thus, by statistical manipula-
Iation the lengths of trunk, arms and legs can be accurately predicted
from stature and body girths can be determined from weight. Such measure-
ments greatly simplify the task. If distribution of “key-measurements”,
like height and weight, is known for whole of the Indian population, it is
only necessary that a few groups may be measured for other useful body-
dimensions and such “dependent measurements” for the remaining popula-
tion may be determined by calculations. A lot of labour and money can
be saved in this way.

Butiock-kuee length

{2.16) Travel in the private buses of Calcutta and you will find that
leg-space between to seats, one behind the other, is not sufficient. About
half of Calcutta’s adult male population is inconvenienced in this way (and
of course, in many other ways). Buttock-knee length is the measurement
of highest importance in determining the amount of leg-space to be left
between to seats. The recommended knee-space will have to be more than
the actual buttock-knee length because people generally slide a little for-
ward instead of keeping an upright position, in which measurements are
generally taken. Along with sefficiegt knee-space, there should also be
sufficient room for legs to stretch a little forward in order to help in blood
circulation through fatigued muscles.

(2.17) Before we proceed further to analyse the measurements given in
Table 1, it must be pointed out that the present survey is useful only in so
far as it draws the atteation of Indian students of physical anthropology
towards such studies thatcan do a great service to the people and our
country. It would be improper to recommend the dimensions of seats
obtained above for use in any school, in any region, and for any age-group
of students because the sample is small and not representative of reason-
ably definite ages or population of any definite region that can be adequa-
tely defined. The statistical methodology involved is p d in rection
4 in a general set up and is applicable to any estimation problem in seating
survey.

3. Principles

(3.1) Seat Height . The height of the seat should be such to allow
small movements of leg muscles which have a favourable effect on blood
circulation (Chrisensen, 1951). Clement (1951) points out that ‘it is
apparently possible 1o sit with ease on a chair less than the optimnm height
but uncomfortable to sit on one above it’. ‘Here the critical consideration
is to fit the short people satisfactorily because there will be considerable
tolerance with the tall people’. The longer-legged people can comfortably
adjust to a lower seat height by placing the feet forward of the vertical from
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the front edge of the seat to floor (Hooton, 1945). In situations where the
same scats are used by men and women both, it must be remembered that
a sent height well suited to males will be generally too high for females,

(3.2) A pamphiet issued by Ministry of Labour and National Servics
(1941) recommends that the seat should be about half an inch lower than
the length of the lower leg so as to give moderate support to the thighs.
Hooton (1945) suggests that a relief of pressure on popilteal area can be
brought about by lowering the seat height at least one inch. We think
that the scat height recommended should be, in general, 3 cms lower
than the seat height measured.

(3.3) Seat Depth : The depth (length) of the seat should be sufficient
to afford a light support for the thighs almost to the hollow of the knee
(Hebestreit, 1930). But the thighs must not press heavily against the front
edge of the cushion for it may prevent frec movement of legs and may

ibly lead to interference with the blood-supply to the legs (Darcus and
Weddell, 1947).

(3.4) The back rest will be of no use if the person cannot make con-
tact with it. To make this coatract possible, the depth of the *seat should
not be more than the length of the thigh from the fold of the knee to the
back in the sacral region.

(3.5) Seat Breadth: For the determination of the seat breadth, two
measurements need be considered—maximum hip breadth and maximum
shoulder breadth. In the case of males the shoulder breadth is generally
more then the hip breadth and so the former measurement is of greater
importance for ou;‘rurpooe, particularly because in many situations. e. g..
buses, tram-cars and trains, sufficient space has to be left between indivi-
duals sitting side by side. The problem is not only of accomodating the
buttocks but also the greatest width of the body represented by shoulder
breadth. Even in case of females, it has been observed that the shoulder
breadth is generally laiger than the hip breadth, though the difference is
not so much as in males (look at Hooton's 1955 figures : Hip breadth.
Boston females 17.3, Chicago females 16.7, Total females 17.2; Shoulder
breadth-Boston females 17.8, Chicago fernales 16.9, Total females 17.6).

(3.6) If the measurements have heen taken on light summer clothes,
the maximum body-width will increase in winter due to woollen cloths and
shoulder pads. This must be kept in mind. Some allowance must also
be made for slight movements of the body towards sides.

(3.7) Back Rest: While shoulder breadth cannot be ignored in
determining the seat breadth, it directly determines the width of the back
rest. The ideal is to give a complete support to the back, with special
consideration to curves in the lumbar region (for a detailed discussion, see
Verma, 1960b). If, in a working situation, a full support to the back
restricts the movements of back rest due to limitations of space or weight,
a support should at least be given to the lumbar region, and more specially
to the lumbar hollow. Dealing with the problem of railway coach seating,
Hoownlhas suggested that a support should be given (also) at the base of
the skull.
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(3.8) Elbow Rest: If a person is seatad on a chair with shoulders
Jevel, upper arm pendant, forearm horizontal, and an angle of approxi-
mately 90° between the upper arm and forearm, the height of the clbow
rest should in no case be more than the height of the elbow from the rest.
In fact the height of elbow rest should be less than the elbow height
measured because of several resons listed by Hooton. The reasons are ;
(Iy the habit of many persons to slump to a varying extent, (2? the habit of
many persons to throw most of the body weight on one elbow, (3) the
undesireability of extending the arms laterally which has to be donc if the
armrest is too high (even this cannot be done unless there is extra lateral
space on the seat), and (4) the need to p the shoulders from hitching
up which forms an uncomfortable posltion.

(3.9) For a discussion of the problem of seat cushion, slope of the
seat and footrest, ree Verma, 1960.

4. Statistical Methodology

(4.1) Suppose x:n< xn<....< X are n ordered measurements of a
certain characteristic on a random sample of size n selected from a
population. Consider the problem of estimating the p-th p ile, ¢ p,
of the population (i.c., a value] { p below which there are 100p percent
individuals in the population] on the basis of the sample. Since there is
always some amount of uncertainty while estimating { p from the sample
we settle an arbitrary a=.95 and require that the inference we derive
about ¢ p from sample holds with probability .95 or better. In the
sequel this probability will be called the confidence probability.

(4.2) In seating problem the most suited method of estimation of ¢ p
is that of confidence intervals. Here we are interested in two types of
confidence intervals : ,(,? the upper confidence interval for ¢ p, and (ii) the
lower confidence interval for p.

4.3) Upper confidence interval for p: We want to have an upper
estix(natg xa for ¢ p'gxch that there is high probabilty that p will be less
than or equal to X, i.€., We want an estimate xe from sample such that.

Plept’y]e 95 . )]

(4.4) As for instance, when we want to specily the seat breadth, we
should have estimate x , of the 90th percentile of hip breadth (or shoulder
breadth as the case may be) which satisfies (1). This will insure that with
probability greater than 95 more than 90 percent of individuals will have
breadth less than x, and therefore a chair with seat breadth x, will satisfy
more than 90 percent population.

(4'5) Using the order-statistics X, X»...., X.m the solution of (1) is

P[ ope”, 195 .- O ]

where xay is the u-th order-statistic and u is to be determined from the
following equation

n—zl - -1
r=o( l.)p(l-p) £,95 (€))
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(46) For given n and p, this pguation can be solved for u
numerically. Tables for the cumulated swow of (:_l)p" a-p ™*
are available and can be utilized for this purpose. It is to be sezn that the
sample size n should be greater than or equalto | :::('?_fp_) ]in order
to have such an xu .

(47) When n is large, say 2. normal distribution can be used to
solve (3)° The solution is given by

U sl (1) ] Fap+ 5 .. @

where * 95 = 1.645is the 95-th percetile of the standard normal
distsibation.

(4.8) Lowcr confidence interval for § p: There are other situations
where we want (o have lower cstimate X, of {p such that there is high
probability that ¢ p will be greater than x, . For sample, while specifying
the seat height, if we have a lower estimate x, of ihe 10-th percentile of the
seat height measured, a chair with seat x, will satisfy more than 90 percent
of population. For the confidence probability a = .95, the estimate in
given by the following equation.

Pp>x] 95 . o

where X, is the 1-th order statstic and 1 is determined from the following
equation—

n-1 n-t
n, r
ri] (H, ey 95 . . ®

(4.9) The cquation can also be solved numerically for 1 in a maaner
similar to that suggested above. The sample size n should be greater than
or equal to fﬁg ggm order to have such an 1.

(4.10) The use of normal appoximation for large n given the following
solutioa of 1.

[ —

05 lnp (1-p) F P + 5 .om
where 1.05 = - 1045 is the S-th percentile of tho standard normol
distribution.

(4.11) Determination of optium sample size : We take for illustration
the sa ¢ of upper estimate of p, the other case can be treated similarly.
Bquat ons (2) and (3) provide us with and estimate of x.) which insures

. log 95
that a high probably ¢p <xu. Foranyn [ log (1<)
determined so as to statisfy (1), but this docs not tell us how close xty
isan estimate of ¢ p. Asthe sample sizc increases, x. approaches {p.
In (;:df,; to be sure that X, is not far away from ¢p, we determine n
such that

] » Xy can be
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Plxu<ép] 95 ®)
for a preassigned pi (> p) and close to p.

(4.12) This ghean that we reject persons beyond ¢ p; for the i
We do not have dny special perference for persons between ¢ p and ¢ p, bnt
we have strong perference to statisfy person below § p.

(4.14) Approximate solution that determines n which satisfies the
above equation is given by

z

[z 95/p(1-p) ~
fp(1-p) pe

ng——

/v (1-ppy 1

(p-p)
For instanee, if p, = .95 and p= .90, the minimum n should be nearly
equal to 290.
(4.14) In case of several measurements, the least maximum n that is
optimum for all measurements can be chosen.

5 The Numerical Example

(5-1) For illustration we ider the m of 66 boys described
in section 2. As already pointed out in para (2.17), these measurements
are not useful for making any secommendation about the size of seats in
any school; they are used here only to explain the methodology for finding
a solution to the problem in general.

(5.2) Seat Height : It is found from equation (VII) that lower estimate
of the 10-the percentile of seat height mcasured from the above sample
(n=66, p=. 10) is given by the 3rd order-statistic which is equal to 36.1
cms. This means that more than 90 percent of the students have the
measured seat height greater than 36.1. It follows from paras (3.1) and
(3.2) that the appropriate seat height to be recommended which will satisfy
90 *percent of the population with probability. 95 or better is 36.1-3.
00=133.1 cms.

(5.3) Seat Depth : The upper estimate of the 90th percentile of seat
depth is given as the 64-th order-statistic which is equal to 50.1 cms. Thus
the recommended seat length should be 50.1 cms. As the people generally
do not put their buttocks in touch with the back rest but keep them several
cms from it, the recommended seat length can therefore be increased. The
short legged people can slide a little forward of the back rest so as to avoid
undue pressure of edge at the hollow of the knee.

(5.4) Seat Breadth : As shoulder breadth is generally larger than hip
breadth, the former should be utilized in determining the seat breadth. The
upper estimate of the 90th percentile of shoulder breadth is equal to 47.2
cms. The ded seat breadth can be i d further but conside-
ration must be given to the position of the upper arm and the position of
the arm rest along which the lower arm is placed.

(5.5) Back Rest : The width of the buck rest should be determined on
the basis of shoulder breadth, as we have to give support to maximum poss-
ible area of the back of human body. Hence the recommended back rest
should be at least 47.2 cms broad.

(5.6) Elbow Rest : The lower estimate of the elbow height should be
used to recommend the height of the elbow rest as it should ia no case be
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more than the elbow height measured. The lower estimate of the 10-th
percentile is given by 3rd _order-statistic which is equal to 16.3 cms. Thus
the recommended height is 16.3 cms.

(5.7) When we design seats for schools and colleges, we are designing
for boys and girls of growing age. A scat meant for students of one class
will not svit students of higher or lower class. Therefore, seats should be
sized according to the age-group represented in a particular class.

(5.8) We remark finally that extreme people of the population must bo
measured very critically as they are the persons who determine the measure-
ment of seat. Any ercor in their measurments may completely alter the

true picture of the population.

Table 1
FUNCTIONAL MEASUREMENTS OF SCHOOL BOYS
Arrunged in order of i ing stature. M are in ems. Weight is in fbs.
- - 8 - a
= = 2 @ a
e § 0% B5. 5% 88 o2
sl g A2 a4 § ¥w 32 &8 Y gg
K] [ - 8§ 88 x 2¢ Te ©
w § & §&* g § ws 53
3 4 4
{1391 124 351 405 474 176 493 324 256 65
2 1407 T22 349 408 482 190 503 430 262 68
3 1410 709 351 400 471 153 484 310 253 6l
4 1437 724 438 419 493 183 514 440 270 69
5 1469 713 385 448 533 174 S01 320 252 71
6 1487 772 390 413 505 186 542 436 265 77
7 1490 772 390 439 520 192 563 492 285 88
8§ 1497 799 390 433 519 195 582 380 295 92
9 1512 781 385 439 521 191 552 450 272 76
10 1516 802 385 423 505 216 578 387 297 92
11 1517 806 380 427 507 225 581 40.1 286 87
12 1519 797 390 425 529 192 579 395 280 91
13 1527 785 365 425 523 214 570 384 298 91
14 1535 775 400 461 556 153 568 371 291 78
15 1545 748 395 475 572 184 541 398 288 99
16 1542 792 39.5 427 513 234 567 39.01 314 101
17 1547 846 405 420 494 254 594 460 29.1 84
18 1551 822 378 434 523 250 593 460 287 85
19 1554 810 405 465 557 208 604 402 305 97
20 1556 806 405 423 522 213 586 375 29.5 87
21 1557 T79.6 405 437 532 213 556 412 287 %8
22 1558 817 405 443 522 28 574 343 214 77
23 1559 820 405 443 527 230 586 369 29.1 87
24 1562 810 423 491 583 190 598 371 312 95
25 1564 812 423 459 556 215 574 373 319 93
28.9

2 1569 813 423 429 SLI_23 84 383
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27 1572 810 423 460 545 204 592 403 310 108
28 1572 814 423 489 578 191 S7.4 403 299 94
29 1573 756 390 417 569 163 558 365 286 85
30 1573 829 423 451 546 253 596 393 286 95
31 1576 829 423 442 526 235 603 3901 298 98
32 1583 821 395 480 567 240 590 3.5 219 99
33 1583 799 395 445 532 218 586 373 300 98
34 1590 828 405 443 524 236 604 388 294 95
35 1591 819 395 444 534 214 591 371 300 94
36 1592 812 395 516 611 167 577 472 401 95
37 1593 836 405 448 535 237 615 413 299 85
38 1596 793 405 480 S64 190 562 388 306 98
39 1598 822 405 463 552 590 369 300 85
4 1599 819 425 445 537 594 394 321115
4l 1605 813 423 467 56.1 588 278 290 91
42 1608 802 423 454 545 585 407 30.1103
43 1617 815 433 447 537 582 376 296 9%

4 1620 836 423
45 1625 797 428
46 1533 863 423
47 1634 855 423
48 1635 892 438
49 1644 841 423
50 1646 841 429
511651 830 395
521653 867 423
53 1657 836 395 461 575 598 417 320 121
54 1658 818 423 483 590 S84 436 324 131
551659 874 423 446 549 270 636 433 445133
56 1661 858 423 458 559 193 6401 419 414 109
ST 1669 863 423 465 556 238 608 380 286 86
S8 1671 867 423 451 549 265 635 440 320 125
39 1677 859 223 482 577 225 658 4L7 416102
60 1665 87.6 423 469 558 223 622 416 305 103
61 1687 872 423 49.1 582 254 644 406 417 118
62 1691 900 423 458 641 253 647 405 316 104
63 1703 854 423 501 600 236 629 410 423112
64 1715 875 4.1 472 576 253 551 429 36 117
65 1725 858 435 495 597 235 625 40.1 4Ll 100
66 1732 907 423 503 597 265 67.5 427 345120

range 139-173 70-91 34-44 40-52 47-61 15-27 48-68 2749 25-44 61-133
mean 1586 871 408 455 544 217 587 398 311 952

587 472 288 92
615 365 297 %
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Table 2
FUNCTIONAL MEASUREMENTS OF SCHOOL BOYS
Arranged in i order of itud ly for cach ch
Si.  Seat height Seat length  Elbow seat Shoulder Hip
height breadth  breadth
1 349 40.0 15.3 278 25.2
2 35.1 40.5 15.3 310 253
3 36.1 40.8 16.3 32,0 25.6
4 36.5 413 16.7 324 262
5 378 409 174 343 26.5
6 38.5 20 17.6 36.5 27,0
7 38.5 23 18.3 36.9. 212
8 38.5 423 18.4 36.9 274
9 390 425 18.6 36.9 274
10 39.0 425 18.6 37.0 219
11 29.0 42.7 19.0 37.1 280
12 39.0 42.7 19.0 371 28.5
13 39.0 429 19.1 371 28.6
14 39.0 433 19.1 373 28.6
15 395 43.4 19.1 373 28.6
16 39.5 43.6 19.2 315 28.6
17 39.5 43.7 19.2 375 287
18 39.5 439 19.3 31.6 287
19 39.5 439 19.5 38.0 28.8
20 39.5 44.2 19.8 384 289
21 39.5 443 19.8 38.5 289
22 9.5 43 204 385 290
23 40.0 44.3 20.8 38.7 29.1
24 40,5 44 208 38.8 29.1
25 40.5 4.5 21.3 38.8 29.1
26 40.5 445 213 388 29.1
21 40.5 546 213 39.1 29.1
2 40.5 4.6 214 39.1 29.4
29 40.5 4.7 214 393 294
30 40.5 448 21.4 394 294
31 40.5 4.8 21.5 39.5 295
32 40.5 45.1 21.6 39.5 29.5
33 40.5 45.1 216 398 29.6
34 40.5 45.4 21.8 40,0 29.7
35 4.5 45.6 219 40 1 297
36 423 458 219 40.1 298
37 423 45.8 223 402 2938
38 23 459 23 40.3 2.9
29 423 46.0 225 403 299
40 423 46.1 228 405 30.0
41 423 46.1 218 405 30.0
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Contd. Table 2

Sl Seat height Scat length  Elbow seat Shoulder Hip

o A height breadth bradth
42 42.3 4.3 231 0.6 30.1
43 423 46.5 223 40.7 30.1
44 23 46.5 23.4 40.7 30.5
45 423 46.5 235 409 30.5
46 423 46.7 235 410 30.6
47 923 467 236 412 310
48 23 46.9 23.6 413 3.2
49 423 472 2.7 426 31.4
50 423 415 238 417 31.6
51 423 416 238 a7 3L6
52 23 4.7 239 419 319
53 423 478 24,0 427 320
54 03 480 24.0 429 320
65 423 480 24.1 43.0 321
56 23 482 25.0 433 24
57 93 483 253 436 345
58 423 48.9 253 43.6 40.1
59 424 49.1 253 4.0 4,1
60 423 49.1 25.4 4.0 41,4
61 23 49,1 254 450 416
62 431 493 26.3 46.0 41,7
63 433 495 2.5 472 023

435 0.1 26.5 472 435

138 50.3 2.9 49:3 43.6

438 516 210 4.5
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