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PREFACE 
The eHects of conditions of lighting on the perfonnance of indus

trial taSks has been observed incidentally in the comse of a number 
of investigations made for the Board, and the results of these 
observations have been published in their series of reports. In 
1926 there was published the first of a series of Joint Reports of 
the Industrial Health Research Board and the Illumination Research 
Committee of the Department of Scientific & Industrial Research. 
That report described the results of a particular in\'eSl:igation into the 
relation between illumina tionand perfonnance in tj -pe-setting by hand. 

The large part played by vision in the performance of almost 
every kind of work, and the obvious dependence of good vision 
on adequate illumination, points to lighting as one of the most 
important conditions of work within a factory. The experimental 
study of lighting under industrial conditions, however, presents 
difficulties no fewer than those which commonly attend similar 
studies of other environmental factors. The difficulties are chiefly 
those of finding or producing, in a factory, the controlled conditions 
of a laboratory e.~ent. 

In the present investigation, which was made in a weaving 
shed where a night-shift was worked, one of these difficulties, namel}' 
the short and variable duration of artificial lighting during usual 
factory hours, was largely, although not entirely, O\'en:ome. The 

• primary object was to test the value of a method of lighting looms 
which had been claimed to have given excellent results when tried 
in Germany. Confirmation of the Gennan results has not been 
obtained, but the data presented suggest that a higher illumination 
than. is customarily provided is necessary to secure the """"1 per
fonnance in weaving certain kinds of cloth. 

It must be admitted that, in view of the general variability in 
output recorded, far more data than it was found possible to 
obtain would be required to establish with certainty the conclusions 
arrived at. Kevenheless, both in respect of degree of illumination 
and method of lighting, the conclusions suggested by the present 
investigation and those drawn from the earlier t)-pe-setting experi
ments are mutually confirmatory. Though technically dissimilar, 
the work of the hand compositor and that of the worsted weaver 
largely consist of comparable visual tasks. 

The Board therefore felt that the results of this investigation 
should be published, giving as they do some indication of what 
rna y be cousidered to be good lighting for a particn1ar industrial 
process. In making this decision to publish, they have been sup
ported by advice from the Committees on V-cion and Statistics of 
the Medical Research Council and from the Illumination Research 
Committee of the Department of Scientific & Industrial Research. 
It seems to them, also, that the results gain particn1ar current 
interest owing to the general cfause in the new Factories Act requiring 
adequate and suitable lighting in factories. 
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THE EFFECTS OF CONDITIONS OF ARTIFICIAL 
LIGHTING ON THE PERFORMANCE OF WORSTED 

WEAVERS 

H. C. WESTON 

PART I 

A. INTRODUCTION 

One of the primary objects of the investigation described in this 
report was to compare the performance of weavers under the con": 
ventional direct method of artificial lighting, by means of light sources 
mounted vertically above the work, ",ith performance under a system 
employing special fittings arranged to direct light on to the work 
either from the side or the front of the looms. 

Such a system, using concentrating fittings mounted with their 
principal axis at an !lcute angle with the horizontal plane of work 
and directing the light across the warp from left to right, has been 
the subject of experiment in Germany.· It is claimed that this 
method of lighting increases the visibility of the warp threads, thus 
improving weaving efficiency and reducing the number of faults made 
by the weaver. The use of such a system appears to have been 
suggested by the fact that, in Germany, weaving sheds often have 
side windows. so that weaving is normally done in daylight received 
from the side of the looms. The method of artificial lighting 
described, thus imitates daylight conditions in this respect. 

In this country. however, the almost invariable practice is to 
weave in sheds provided with roof windows, so that daylight is 
received from sources situated above the looms and cross-lighting 
will not reproduce the directional characteristics of daylight to which 
the weavers are normally accustomed. Nevertheless. this system 
would clearly be advantageous when compared with conventional 
methods of artificial lighting, if it increased the visibility of the work 
without,at the same time, introducing any disadvantageous condition. 

B. METHOD AND SCOPE OF THE INVESTIGATION 

The investigation was carried out in a Yorkshire worsted weaving 
shed, hourly records of the performance of a group of six night 
weavers being obtained during a number of experimental lighting 
periods. The performance of the weavers in each of these periods. 
which were usually of five weeks' duration. is compared with their 

• Die wirtschaftliche Beleuchtung VUIl Webstilhlen bei mattem Fadetl
material; neue arbeitstechniscbe Untersuchungen. By N. Goldstern and 
F. Putnoky. LicJU ..... L-to. Nos. 1 and 2. Berlin. 1931. 
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performance under the original conditions of lighting, and also with 
the performance of a corresponding group of day weavers operating 
the same looms. 

Before experiments with different methods of lighting were started, 
the effect upon performance of increasing the intensity of illumination, 
while adhering to the direct and most common1y used localised 
general method, was studied. The intensity of illumination was 
varied by increasing the wattage of the lamps used and retaining 
the same type, though not the same size, of reflector and approxi
mately the same mounting positions and height. Thus, the original 
60 watt lamps equipped with deep vitreous enamelled conical iron 
reflectors were replaced successively by 100, ISO and 200 watt lamps 
in standard dispersive type vitreous enamelled reflectors. 

After the conclusion of these experiments, a system of general 
lighting was installed, using 200 watt lamps in mirror-glass reflectors 
designed to give a flux distribution providing a relatively high 
intensity of illumination on the vertical plane, so as to assist visibility 
at the reed and hea1ds. Subsequently, vertical elliptical and elliptical 
angle reflectors were tried, the latter being arranged to direct the 
light into the hea1ds from the front of the looms. 

Finally, a system of cross-lighting, similar to that used by 
Goldstern and Putnoky in the German investigation referred to, was 
installed, using mirror-polished focussing reflectors suitably mounted. 

The data obtained are given in full and discussed in Part II of 
this report, but the results are summarized below, together with the 
conclusions reached. 

C. SUMMARY OF RESULTS 

In the first four lighting periods of this investigation the method 
of lighting was unchanged but the intensity of illumination was 
increased by increasing the wattage of the lamps used. The average 
output of the night weavers improved and, with the maximum illu
mination, reached a value which, having regard to the limitations 
imposed by other conditions, including the nature of the work, is 
probably about the maximum possible. But the average output of an 
equal number of day weavers, weaving the same cloth on the same 
looms, also improved during this stage of the investigation and 
reached its maximum in the period when maximum illumination 
was available at night. It must, therefore. be concluded that some 
change of conditions other than lighting occurred which facilitated 
production. so that the improvementoi night output observed cannot 
be attributed entirely to the increase of illumination effected. 

Any such change of conditions would affect the night weavers in 
the same way as the day weavers, though not necessarily to the 
same extent, but the best available measure of the effect of varying 
the conditions of lighting is the ratio of night to day relative output. 
(See Appendix I, p. 24.) 

Measured in this way the maximum improvement of the night 
weavers occurred in the period when the first increase of illumination 



3 

was made. The actual illumination on the work was then approxi
mately twice the original illumination. Averages of the photometric 
measurements in the most important areas of the field of work are-

Horizontal plane-
On the cloth in front of reed 
On the warp near back lease rods 
On the shuttle-boxes 

Vertical plane-
At the top of the bealds 
On the shuttle-boxes 

I ncreasea Original 
Illumination Valms 

(Foot- (Foot-
candles). candles). 

29 13·3 
13 5·3 
12 6·0 

13 
6 

7·0 
3·0 

The improvement of output which occurred with these conditions 
of illumination was 5·3 per cent., and to secure this improvement 
the time during which the looms were stopped while the weavers 
performed the necessary hand-work had to be reduced to an extent 
which represented an improvement of 24 per cent. in the personal 
efficiency or rate of working of the weavers. (See Table II and Fig. 6, 
p. 15.) . Consideration of the visual requirements of the work; and 
of the output level achieved with the original illumination, suggests 
that this improvement may be about the maximum which can be 
expected to. result from any increase of illumination. Further, with 
these conditions of lighting the greatest relative improvement also 
occurred in the quality of the work done, so far as this can he judged 
by the reduction effected in the time required to mend faults in the 
woven cloth. (See Figs. 7, p. 15, and 8, p. 16.) 

In subsequent lighting periods several different types of reflector 
were tried, each having light flux distribution characteristics which 
appeared to be particularly suitable for the lighting of looms. 
inasmuch as they ensured a relatively high illumination on the 
vertical plane. 

The first of these experimental installations consisted of 200 watt 
lamps in symmetrical mirror-glass reflectors giving maximum candle 
power at an angle of approximately- 45 degrees to the vertical axis 
of the fitting. The fittings were mounted and spaced, in accordance 
with a scheme prepared by the makers, so as to provide general 
illumination of the shed. The intensity of illumination on the 
work was much less than that provided by the three preceding 
installations, and was lower than that provided by the original 
installation. Diversity of illumination was, however. also con
siderably reduced and the distribution on the vertical plane in 
which the healds lie, and on the vertical planes at right angles to 
this, in which the warp threads lie, was improved, though it was 
not better than that of the original installation. The general appear
ance of the shed was good, but the weavers complained of trouble
some shadows and insufficient light. The level of output maintained 
with this installation was very good and the apparent improvement of 

('789Oj 
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output, compared with that of the day weavers, was high. The latter, 
however, is partly attributable to a fall iri the output of the day 
weavers, probably due to unfavourable conditions of warmth, and 
there is some reason to believe that the former may be partly due 
to a special effort to overcome the handicap of inaq.equate illumina
tion or shadows. Though their significance is modified by these 
remarks the results obtained with this installation are such as to 
suggest that, if planned to provide a higher intensity of illumination 
on the work, it would prove very satisfactory. The mending time 
during the period this installation was in use was approximately the 
same as that for the preceding period. 

Good results were obtained with a mixed installation consisting 
of vertical elliptical and elliptical angle reflectors with 200 watt 
lamps, arranged for localised general lighting. This was mainly due 
to the improvement of output of three weavers whose looms were 
lighted by vertical elliptical units. The illumination intensity pro
vided on the healds by the elliptical angle units, which were mounted 
to face the front of the looms, was similar to that obtained with 
standard dispersive reflectors equipped with 200 watt lamps. With 
the vertical elliptical units the illumination· on the healds was 
approximately the same as that given by 100 watt lamps in standard 
dispersive reflectors. 

When all the looms were lighted by means of 200 watt lamps in 
elliptical angle reflectors the results obtained were unsatisfactory, 
probably owing to discomfort due to the heat to which th~ weavers' 
heads were exposed by close proximity of the lamps, and to the 
associated feeling of dissatisfaction. Reduction of the wattnge of 
the lamps used to 150 practically eliminated the discomfort due to 
heat, and the night weavers' output then improved. The. extent of 
the improvement during the first five weeks of this lighting period, 
having regard to the high output level then attained by the day 
weavers, suggests that the conditions of lighting were better for 
weaving than those in the control period. But, if account is taken 
of the relative output of the night and day weavers for the whole 
period of seven weeks during which 150 watt lamps in angle-elliptical 
reflectors were used, it may be seen that the difference between this 
and the control period is not significant, and that the mending time 
was substantially longer than in the five preceding lighting periods. 
The illumination on the heaIds was approximately equal to that 
given by 150 watt lamps in standard dispersive reflectors and the 
illumination on the horizontal plane of work was about 16 per cent. 
less than that given by 100 watt standard dispersive units. 

The final installation consisted of 150 watt lamps in mirror
finished focussing reflectors mounted to direct the light across the 
front of the looms from the side. The primary object of this arrange
ment was to obtain a relatively high thread brightness on one side 
of the warp threads and thus to increase their visibility. Thongh 
this object was achieved the improvement in visibility was not great, 
and glare from the light sources was experienced by the weavers. 
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The relative improvement of output was good. though Iess than that 
obtained 1iIrith the first experimental installation. An attempt was 
made to try this method of lighting using 100 watt lamps, but 
01ilring to the highly concentrating candle-power distribution of the 
units, the resulting illumination was too patchy to be satisfactory 
uuless additional units were used. The mending time increased 
considerably during the cross-lighting period and was about 16 per 
cent. longer than in the original lighting period.. 

D. CoNCLUSIONS 

;From the foregoing summary it is apparent that none of the 
special installations tested resulted in any improvement of the night, 
as compared 1iIrith the day, weavers' output equal to that which 
occurred when the original installation was replaced by one consisting 
of 100 watt lamps in standard dispersive reflectors arranged for 
localised general lighting. So far as the results of this investigation 
are concerned there is, accordingly, no evidence which suggests that 
they are better adapted for the lighting of looms. 

In general it appears that an average illumination of about 
30 foot-candles on the cloth is necessary for high efficiency in weaving 
fairly dark cloth, and, if this intensity is obtained by means of a 
suitable arrangement of units whose candle-power distribution is 
similar to that of the standard dispersive reflector,- the illumination 
of other portions of the field of work with which the weaver himself 
is concerned will be adequate. 

The most economical arrangement of units appears to be one 
which provides for localised general lighting. but 1iIrith certain types 
of loom, including those used in the shed here considered, parts of 
the loom which require adjustment by the loom tenter will not be 
adequately illuminated by this arrangement and some supplementary 
general lighting is desirable. General lighting alone would be satis
factory if planned to provide the necessary illumination on the work. 

• British Standard Specification No. 232-t93S. The light distribution 
from this fitting is dealt with in T,u..1aJl P"fn' No.3 of 1M Ilhi . .... 
R,_do C __ • H.M.S.O .• London. price Is. Ooi. 
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PART II 
A. REQUIREMENTS OF LOOM LIGHTING 

The proper lighting of looms requires that the whole area occupied 
by the warp in the horizontal plane shall be illuminated to an intensity 
which will ensure good visibility of the warp threads, since the weaver 
has to keep the whole of this area under observation and may have 
to repair a yarn breakage in any part of it. In addition, the reed 
and healds, which lie in a vertical plane, must be adequately illumi
nated as the weaver has, not infrequently, to draw an end through 
them, and to draw it through the correct heald-eye and reed-dent. 
The illumination of these parts is not easy, indeed the provision of 
sufficient light at the inner healds, where a number of these have to 
be used to obtain the ~equired cloth pattern, is perhaps the most 
difficult problem of loom lighting. The shuttle boxes also require 
to be well lighted, since the weaver has to watch the shuttles and 
observe when the weft is running low on the pim, so that the loom 
may be stopped for re-shuttling before the weft runs out, otherwise 
a .. broken pick" may be made which the weaver must pick out. 
As the shuttle-boxes are in motion. and there may be as many as 
six or eight of them to watch-the upper boxes obstructing the 
entry of light into the lower ones-it will be appreciated that adequate 
illumination of them is not easy to secure. Obviously, failure to 
provide these parts of the loom with sufficient illumination will 
increase the loom stoppage time and so reduce weaving efficiency. 
The hack of the loom also requires good lighting in order to permit 
the ready detection and mending of broken warp ends. while other 
parts of the loom, such as the dobby mechanism, must be sufficiently 
illuminated to enable adjustments to be made quickly when 
necessary. 

All these requirements appear to be best satisfied by the method 
of natural lighting from roof windows which is customarily used in 
weaving sheds, and a system of general* artificial lighting would 
provide the best' approximation to daylight conditions. In order to 
obtain the required intensity of illumination on the warp as economic
ally as possible. local or localised general lighting is most commonly 
employed, though general lighting is being adopted to an increasing 
extent and, where the cloth woven is generally light in colour, a 
sufficient intensity can easily be obtained by this method without 
high cost. 

• G ...... al Lighting = a system in which the spacing-height ratio of the 
light sources is arranged so that substantially uniform illumination is provided 
on the horizontal plane throughout the workshop. 

Localised GS1In'al LigAting = a _system in which the light sources are 
mounted and grouped to provide substantially uniform illumination over 
relatively large areas of work, but giving less uniformity throughout the 
workshop as a whole. 
. Local Lighting = a system in which separate light sources are provided 
for each workplace, usually so mounted as to provide high illumination on 
the work and relatively low illumination on the surrounding ~. 
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B. DATA OBTAINED 
The output of a group of six night weavers was measured by 

means of pick-recorders fitted to the looms. The latter were read 
at hourly intervals throughout the night, except for two half-bour 
periods, one at the end of the first spell and the other at the beginning 
of the third spell. The picks recorded during these half-hour periods 
have been converted to hourly values. The first reading each night 
was taken immediately before work began, and the difference 
between this and the last reading taken after completion of the 
previous night's work gives the daily output of the corresponding 
day weavers. 

The hours of work of night weavers were as follows: 7.30 p.ID. 
to H.O p.m., 11.30 p.m. to 3.30 a.m., 4.0 a.m. to 6.30 a.m. The 
night was thus divided into three spe1ls "ith half-hour intervals 
between them. On Wednesday nights the duration of the first 
interval was extended to one hour to allow for cleaning. The night 
weavers worked five nights a week, while the day weavers worked 
81 hours per day, except on Saturday when worked finished at 
12.30 p.m. 

During seasons when the hours of darkness were not co-extensive 
with the hours worked by the night weavers, the time when the 
artificial lights were switched on and off was noted each night. 
Fig. 9 (p. 19), shows the average hours of daylight available per night 
shift for each week of the period of investigation. The temperature 
in the shed was also recorded during each spell of the night in the 
swnmer and autumn months. The average nightly shed temperature 
during each week is shown in Fig. 10. In addition, the duration of 
each loom stoppage and the cause of stoppage were recorde<l" with 
the exception of stoppages for re-sbuttling. The time required to 
mend the 'faults in each piece of cloth woven was also obtained, 
this beiug the only available measure of the quality of the work 
done. 

The looms were of the dobby type, having a reed width of 84 inches 
and were run at a speed giving too picks per mioute. The maximum 
output with continuous mnning would thus be 6,000 picks per 
hour and the weaving efiiciency, expressed as a percentage, is 
given by the ratio of actual to maximum possible picks multiplied 
by 100. 

The same type of cloth-men's snitings-was woven in all the 
lighting periods. The colour and the pattern woven by individual 
weavers was changed from time to time, but in each lighting period 
the number of warps of each colour and pattern woven by the group 
was approximately the same, so that the average difficulty of the 
work, so far as it is determined by these characteristics, did not vary 
appreciably. A few white warps were woven but the majority were 
greys, browns and navy blues, while the patterns were stripes, 
herringbones, pinheads and checks. The retlection factors of a number 
of typical cloths were measured and these ranged from 0·37 for the 
white to 0·03 for the blue, the average being 0 ·043. 



TABLE l.-Parliculars of lighting installations. 
Illumination-Foot-candles. -

Watts At Shuttle Weavers' 
ReOeoton and Lamps. per Front Horizontal Book Horizontal Front Vertical 

Boxes. Comments, 
Loom. on the Cloth. on the Warp. at the Heald •. 

HOri-1 Ver-. 
• ontal. tical. 

r D"6C conical enamelled iron with 150·0 16·0 8·0 16·0 4·0 8·0 4·0 8·0 5·0 8·0 6·0 3·0 Not bad. 
A watt lamps. 2 in front of each 

loom. 1 per pair of backs. 
Vitreous· enamelled standard dis- 250·0 32·0 25·0 32·0 10·0 20·0 10·0 15·0 10·0 15·0 12·0 6·0 Better. 

B ~ersivewith lOOwattG.F.lampsj 
in ironto 1 per pair of backs. 

40·0 32·0 18·0 17·5 15·0 7·0 Good, no need to' Standard dispersive with 150 watt 400·0 40·0 30·0 18·0 17·5 13·0 
C G.F.lamps. 2 in front, 1 per pair improve this. 

of backs (200 watts). 
48·0 18·5 30·0 19·0 22·0 7·0 Very good. Standard dispersive with 200 watt 500·0 48·0 40·0 19·0 14·0 19·0 

D • G.F. lamps, 2 in front, 1 per pair 
of books. 00 

Mirror-glass reHectors with 200 328·5 8·8 8·0 8·3 7·8 7·5 7·0 4·8 4·9 4·8 8·0 3·0 Bad shadows 

E watt G.F. lamps arranged for in vertical plane moving with 
general lighting,mounting height at right angles to the .. going 
10 ft. 6 in. above 600r. healds. part. II System 

3·0 3·24 4·0 not liked. 
Vitreous enamelled elliptical angle 500·0 42·5 28·0 39·0 18·0 25·0 18·0 20·0 15·5 19·0 18·0 7·5 Good light. hut 

I retJectors with 200 watt G.F. heat from 
F lamps. 2 ill front, 1 S.D.R. per lamps objec-
&: pair of backs. tionable. 
F, Vertical. elliJ,ticaJ re6eetors with 500·0 54·0 39·0 51-0 18·0 25·0 18·0 14·0 9·0 15·0 19·0 6·0 Good. 

200 watt .F. lamps. 2 in front, 
1 S.D.R. per Nair of backs. 

400·0 26·5 20·0 26·5 17·0 24·0 17·0 18·0 13·0 18·0 12·0 6·0 Not liked so well Vitreous ename led emf.tical anglo 
reflectors, 150 watt amps, 2 in • as standard 

G front, 1 S.D.R. per pair of backs dispersive re-
(200 watt). ll.eetors. 

Focussing mirrOT reflectors with 400·0 34·0 28·0 32·0 18·0 26·0 18·0 18·0 18·0 18·0 18·0 12'0 Glare experienced 

H 150 watt lam~tJ arranged for from units. No 
cross-lighting, in front, 1 S.D.R. advantage over 
per pair of bacl<. (~OO watt). other systems • 

• Soo Fig. 1 for pOsitions at which Illumination wa. mffisured, 
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C. ILLUMINATION 

The illumination provided by,each installation was measured at 
three points on the cloth in front of the reed, i.e. at a point near 
each selvedge and at the mid-point, and, similarly, at three points 
on the waxp at the back of the healds near the lease-rods. The 
illumination was also measured at three points on the vertical plane 
at the healds, and also on the horizontal and vertical planes at the 
shuttle-boxes. The average of the measurements made at each of 
these points with the original lighting and with each experimental 
installation is given in Table I, together with particu1ars of the 
lamps and fittings used and the wattage per loom.· 

The positions at which the illumination was measured are shown 
in . Fig. 1 (p. 10), and the arrangement of the light sources 
during the first four lighting periods is shown in Fig. 2. The arrange
ment of the mirror-giass re1Iectors is shown in Fig. 3. and of the 
elliptical-angle and focussing cross-light fittings in Figs. 4 and 5. 

The original 'illuminationf was not low (see A in Table Il. 
considered in relation to current textile practice, and the weavers 
were not dissatisfied with it. The first experimental installation (El 
approximately doubled the original illumination, and this was the 
greatest relative increase of illumination effected during the investi
gation. The second change (C) effected a further increase of 
illumination of nearly 30 per cent., and about three times the original 
illumination was obtained when 200 watt lamps (D) were insta1led. 
The lowest illumination was that provided by the installation of 
mirror-glass fittings (E), except on the waxp at the back of the 
healds where it was high~ than that given by the original installation. 
There was, however,less diversity with this installation than with the 
others since the fittings were mounted and spaced to give general 
lighting. 

D. DISCUSSION OF REsUL"IS 

The average hourly output (in picks. i.e. weft threads woven) 
per loom of the .. average" night and day weaver during each 
lighting periodt is given in Table II (p. 13) . 

• In their ex~ents with cross-lighting. GoIdslErn and Putnoky used a 
maximum of 1,600 watts per loom. giving an illumination of 200 foot-Qlldles 
on the horizontal plane of work. They state that an increase of output of 
12·4 per cent. was obtained with this illumination (the original illumination 
was about 16 foot-<:andles) and that, up to 80 loot-Q!ldJes, quality improved 
by 79 per cent. but the improvement diminished, with higher values of 
illumination. It is not cleaT why the optimum illumination for quantity of out
put should be two and a half times as high as the optimum for quality. These 
results refer to Iight-coioUTed cloth. For dark cloth. output is stated to have 
increased by 15 per oeot. at 200 foot-candles when quality also improved by 
63 per cent. Economically the maximum benefit from improved lighting 
"-clS 5eCU..I'Cd with an expenditure of 230 watts per loom. 

t The original illumination was approximately the same as that found by 
Goldstern and Potnoky in their investigation. 

t A note ou the comparability of the lighting periods with each other is 
gi __ in Appendix I (p.2i). 
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FIG. S.-Diagram showing arrangement of focussing 
reflectors for cross-ligbting each pair of looms. 

The probable error of the weaver period-averages, from which 
the period-average output of the" average" night weaver is obtained, 
varies for different weavers from 0·5 to 1·4 per cent. For the 
.. average" night weaver it is of the order of 0·8 per cent. in most 
lighting periods, but is somewhat higher for the day weavers. 

In Table III (p. 14) the output of the average night weaver in the 
control (original Jighting) period, and that of the average day weaver in 
the same period, is taken as 100 and the actual output in succeeding 
periods expressed as a percentage of this standard. The time spent 
in doing handwork (i.e. loom stoppage time) is similarly expressed, 

,and the percentage increase or decrease of output and personal 
efficiency (rate of doing handwork) of the night as compared with 
the day weavers is given. The latter data are also represented 
graphically in Fig. 6 (p. 15).* The quality of the work done can only be 

• The significance of output changes, and the limitation imposed by tbe 
nature of the work on their possible magnitude when ligbting is improved. 
is discussed in Appendix II. .. 



TABLE II.-AveI'age hourly output per loom oj the .. average" night and day weaver in ~ach lighting pel'iod. 

Lighting Periods. 

A B C D E F F, G G, H HI 
Original 100 w. 150 w. 200 w. 200 w. 200 w. 200 w. 150 w. 150 w. 150 w. 150 w. 

S.D.R. S.D.R. S.D.R. M.G. V.E. & E.A. E.A. E.A. E.A. C.L. C.L. 

5 weeks 4 weeks 5 weeks 5 weeks 5 weeks 2 weeks . I week 7 weeks 1st 5 wk •. 9 weeks Mid. 5 wks. 

Night .. 4.450 4,702 4,594 4,801 4,790 4,759 4.611 4,697 4,807 4,473 4,499 

Day 

• ±4% ±3·6% ±5% ±3·8% ±3% ±2·6% ±6·8% ±4-5% ±4·7% ±5·4% ±5·5% 

.. 4,365 4,381 4,286 4,665 4,470 4,529 4,643 4.589 4,654 4,188 4,241 

• ±2-5% ±4'5% ±5·'% ±4·1% ±4% ±6% ±6·1% ±3-S% ±3-8~ ±3'9% ±3'8% 

• Per cent. mean variation of individual weaver's average output per loom from the average output of the" average OJ weaver. 
100 w. = 100 watt lamps. 
S.D.R. = Standard dispersive reBeetors. 
M.G. = Mirror-glass reB""tors--generallighting. 
V.E. = Vertical elliptical reBectors. 
E.A. = Elliptical angle reBeetors. 
C.L, _ Cross-lighting. 



TABLE III.-Relatjll' output, and ,dati "' time on handwork, of night and day weallers. 

B C D E F F, G G, H H, A 200w. 
Original 100w. 150w. 200w. 200w. V.E.& 200w. 150 w. 150 w. 1S0w. 1S0w. 

Lighting Periods S.D.R. S.D.R. S.D.R. M.G. E.A. E.A. E.A. E.A. C.L. C.L. 

5 weeks 4 weeks 1.1 weeks 5 weeks 5 weeks 2 weeks 1 week 7 weeks 1st 9 weeks Mid. 
5 weeks iweeks 

Relative Output of Night 100'0 105·7 103·2 107·9 107·6 106·9 103·6 105·5 108'0 100·5 101·1 
Weavers. . 

Relative OutPut of Day 100·0 100·4 98·2 106·9 102'4 103'8 106·4 105·1 106·6 96·0 97·2 
Weavers. 

Per cent. increase 01' de-
crease of Night com-
pared with Day Output. 

±O·O + 5'8 + 5·1 + 0·9 + 5·1 + 3·0 - 2·6 + 0·4 + 1·3 + 4·7 + 4·0 

Relative Time on Night 
Handwork. 

100·0 84·0 91·0 77'4 78·1 80·0 89·8 84·3 77·0 98·7 97'0 

Relative Time on Day 
Handwork. 

100·0 99·0 105·0 81·6 93'6 90·0 83'0 86·3 82·5 111·0 107·6 

Per cent.o increase or de- ± 0·0 +24-1 +21'3 + 6'4 +25·9 +15·9 -10'0 + 2·8 + 8·6 +17'7 +15-4 
crease of Night com-
{¥red with Day 

eaven' Personal 
Eflielency.t 

OPt in d to ( ReI. Night Output ReI. TIme on Day Handwork 1) X 100 er cen. crease or ecrea.se, e . =-. . x -
Rol. Time on Night Handwork ReI. Day Output 

t Personal efficiency = weavers' rate.of doing handwork. (See Appendix II.) 
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judged by the time required to mend (make good any faults) each 
piece of cloth woven, and the average mending time per piece for 
each lighting period is shown in Fig. 7, while the percentage by 
which the average mending time in the control period wasrednced 
or exceeded in each lighting period is shown in Fig. 8. It was, 
unfortunately, not possible to apportion the mending time as between 
day and night weaving faults, so that a reduction of mending time 
does not necessarily mean that fewer faults for which the weaver is 
responsible. were made by the night weavers. There may, of course, 
have been fewer faults made by the day weavers. or fewer faults 
made by both groups. but if it is assumed that the day weavers 
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worked with ample illumination, an assumption which is probably 
quite justified except in respect of two to three hours a day during 

. 

• 5L-_____________________ l 

FIG. S.-Percentage by which Qriginal 
mending time per piece was reduced 
or exceeded in each lighting period. 

( 
MT!\ 

1- MTJ X 100. 

the first and last periods of the investigation, then it is more likely 
that any reduction of mending time will be due to fewer faults made 
by the night weavers, in consequence of increased illumination, than 
that it will be due to a chance variation in the number of faults made 
by the day weavers. On the other hand, it is possible that the 
mending time may be reduced because the cloth has fewer faults 
which are not due to the weaver, e.g. yam faults, warping faults, 
and others which may originate in the processes to which the yam 
is subjected preparatory to weaving, and also because of an increase 
in the efficiency of the menders. Too much importance cannot, 
therefore, be attached to the mending time as a criterion of quality 
of the night weavers' work. 

By reference to Table III, and consideration of the relative 
output of the night weavers alone during periods of equal duration, it 
will be seen that the best result is obtained with ISO watt lamps in 
elliptical angle reflectors (GJ, but the output is nearly as high with 
200 watt lamps in standard dispersive reflectors (D) and with the 
installation for which 200 watt lamps in rnirror-glass reflectors were 
used (El. The high output with the latter system is difficult to 
understand, since the illumination provided, both on the horizontal 
and vertical planes was actually lower than with the original lighting 
installation, except on the warp at the back of the healds. 

~. 
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IT this high output is due to lighting it can only be explained on 
the ground that the intensity of illumination provided. and. therefore. 
the original intensity also. is quite adequate for the work and that, 
the method of lighting. i.e. general instead of local or localised general. 
is the significant factor. The subjective evidence of the weavers 
does not support such a conclusion. They complained of troublesome 
shadows and insufficient light and thought the installation inferior 
to those preceding it. Further. if such a conclusion is accepted then 
the improvement noted in the preceding lighting periods cannot be 
attributed to the lighting since the only change then made was one 
of intensity. the method of lighting remainiug essentially the same 
as that originally used. It seems probable that the maintenance of 
a high output during the general lighting period (E) was due partly 
to an effort to maintain high wages, in view of the approaching 
annual holiday, and possibly to a more or less conscious attempt to -
compensate for the effect of insufficient illumination. If the latter 
was made it appears, from the mending time. to have been successful 
in maintaining good quality as well as high output of work. 

It must. therefore, be concluded that the high efficiency of the 
geJleral lighting period is not due to the conditious of lighting then 
prevailing though, o.f course, it does not follow that the latter were 
not superior to those of the control period in some respects. Indeed, 
there is no apparent reason why the type of installation used in the 
general lighting period should not be as satisfactory as the others 
tried if it is planned to provide approximately the same intensity of 
illumination. 

If the relative output of the night weavers is considered in 
relation to that of the day weavers in each lighting period the 
maximum gain will be found to occur in the first experimental 
period (B) when illumination was provided hy means of 100 watt 
lamps in standard dispersive refiectors. Next in order of magnitude 
is the result obtained when the lamp wattage was increased to 
ISO watts (C). and the result with the general lighting system (El, 
and. third, that obtained with the cross-lighting system (H) 
using 150 watt lamps. Here, again, it is necessary to explain, 
as far as possible, the apparent inconsistency of the results 
obtained with the high illumination provided in the period (D) when 
the 200 v,'ll tt standard dispersive units were used and with the low 
illumination characteristic of the general lighting period (E). It 
will be noted that the small excess of output of the night weavers 
over that of the day weavers in the first of these periods is due, 
not to any fall of the night weavers' output but to a relatively 
greater rise of the day weavers' output as compared with their output 
in tbe preceding period. This rise to what is, in fact, the peak value 
for the day weavers recorded during the investigation may be due 
to the infiuence of seasonal conditions, i.e., conditions of natural 
lighting and temperature which are probably most favourable to the 
achievement of high output at the time in question-the month of 
June, and also to the .. spurt" which frequently occurs during 
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some weeks before an approaching holiday.' In the case of the night 
weaveI'$, however, the peak value of output is also reached in this 
period, but it must be remembered that there is a definite limit to 
the height of the peak which can be reached by either group and this 
limit is set by the nature of the work done, e.g., cloth woven, by the 
maximum working capacity of the weavers, and by the general 
organization for production, including arrangements for serviceing 
the weaver, for which the management is responsible. Providing 
these factors remain unchanged it is obviously impossible by any 
change of lighting conditions to overcome thelirnitations they impose. 
Thus, there is little doubt that the level of output reached by the 
night weavers in the period under consideration (D) closely approaches 
the possible maximum, and, since conditions were favourable at least 
as regards lighting, for the achievement of maximum output by the 
day weavers, it is clear that oIily a small, if any, relative superiority 
of the night weavers can be expected. . 

With regard to the much greater apparent superiority of night 
output in the general lighting period (E), it will be noted that this 
is due to a serious fall of the day output level-not to a rise in night 

. output-and it is probable that this fall was primarily due to the 
effect upon the weavers of the high shed temperature prevailing 
during this period, which at times reached 90° F .. This factor would 
not affect the night weavers since the night average temperature 
(see Fig. 10, p. 19) was not excessive. 

During the period when cross-lighting was used (H) the output 
of the day weavers reached its lowest level, but that of the night 
weavers did not fall below the level attained with the original 
lighting installation. The output gain of the night weavers suggests 
that this method of lighting was better than that of lighting from 
the front of the looms by means of elliptical angle units. The gain 
in this period, compared with that in the period (G) when 150 watt 
elliptical angle units were used, is not, however, quite so significant 
as the figures suggest, if allowance is made for what has been said 
regarding the effect of output level on the possible increase of 
output. 

The main objection to cross-lighting, as used in this investigation, 
is the difficulty of avoiding glare from the light sources. The weavers 
saw no advantage in the system, but its novelty, and the existence 
of glare, may have biased their attitude towards it. The results 
obtained, however, do not. show it to have any advantage over the 
more conventional and more easily installed systems of lighting 
giving equal intensity of illumioation. Moreover, so far as the 
mending time can be taken as indicating the quality of the work 
done. cross-lighting appears to be inferior to all the other methods 
of lighting tried. The difficulty due to glare cannot be satisfactorily 
avoided merely by equipping the units with diffusing glass fronts, 
as, to some extent, this would defeat the purpose of the system which 
is to produce a high brightness on one side of the warp threads. 
The mounting height of the fittings might be increased, but if .this .,. 
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is kept within practical limits, the system would still be inferior 
from the point of view of glare. 

The results obtained with ISO watt elliptical angle lighting units 
are not as good as might be expected, though during the first five 
weeks (GJ of this period the output gain of the night weavers is 
very good considering the high level reached by the day weavers, 
and the fact that, owing to the positions in which the fittings had to 
be mounted, the weavers experienced some discomfort due to heat 
from the lamps in close proximity to their heads. Thongh the dis
comfort due to heat was not really serious, some of the weavers 
turned the fittings slightly outwards to avoid maximum radiation, 
and this increased the illumination of the shuttle-boxes. The difficulty 
due to heat was accentuated when elliptical angle reflectors were 
used with 200 watt lamps and, in consequence, they had to be 
abandoned after a trial of only one week (F 1) during which the output 
of the night weavers dropped below that of the day weavers. 

It was intended to install these fittings immediately after the 
annual holiday, but owing to a wrong delivery seven of the twelve 
looms had to be equipped with units consisting-of 200 watt lamps in 
vertical elliptical reflectors, the remaining five having 200 watt lamps 
in elliptical angle reflectors. This mixed installation remained in 
use for two weeks. During this period (F) the weavers working with 
elliptical angle units complained of heat from them, but the group 
output was very satisfactory and was 3 per cent. higher than that of 
the day weavers. If the results of the weavers working with vertical 
elliptical units and those working with elliptical angle units are con
sidered- separately, the former, three in number, show an average 
increase of output, on comparison with corresponding day weavers, of 
5·6 per cent. The two weavers working with elliptical angle units 
(results for the sixth weaver are ignored as one of his looms was 
lighted by vertical elliptical and the other by elliptical angle units) 
show an average increase of output of only 2 per cent. when compared 
with the two corresponding day weavers. 

Disturbing shadows cast on the cloth by the" going part," i_e. 
the moving sley carrying the reed and shuttle-boxes, were less with 
lighting from elliptical angle units than from vertical elliptical units 
and the illumination on the vertical plane at the healds was con
siderably higher, but tbese advantages do not apparently outweigh 
the disadvantage of discomfort caused to the weavers when high 
wattage lamps are used. Vertical elliptical units have the advantage 
of spreading the light flux transversely and thus, for equal wattage, 
provide higher illumination on the horizontal plane at the extremities 
of the cloth and on the shuttle-boxes than elliptical angle units, and 
the output of the three weavers considered above suggests that very 
good results can be expected from their use. 

The greatest relative increase of illumination was effected when 
tOO watt lamps in standard dispersive reflectors (B) were substituted 
for the original lamps and fittings. the illumination being then approxi
mately doubled. The greatest increase of output of the night weavers, 
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compared with the day weavers, also occurred in this period. The 
magnitude of this increase may be influenced to some extent by 
.. experimental effort," but clearly a relatively large increase would 
be expected in view of the big increase of illumination. In the next 
lighting period (C) the lamp wattage was increased to 150 and the 
actual output of the night weavers was then lower than in the 
preceding period, though the improvement in relation to the day 
weavers' output was maintained but not exceeded. 

The mending time was considerably reduced in all the lighting 
periods up to and including the general lighting period (see Fig. 7, 
p. 15), but after the large reduction effected in the first experimental 
p~riod (B) no further improvement occurred. 

The group average weaving efficiency at each hour of the typical 
night in each lighting period is given in Table IV. Variations of 
efficiency during the night are due to the influence of a number of 
factors of which lighting, of course, may be one. If graphs of these 
hourly values of efficiency are plotted the general shape of all the 
curves is typical of most industrial work curves, being characterised, 
in each spell, by an initial upward slope to a peak at about the middle 
of the spell, followed by a downward slope in the latter part of the 
spell •. This is also true of the night as a whole if the average hourly 
output in each spell is considered. 

The difference between the peak efficiency and the efficiency at 
the beginning and end of the spell or night. and thus the slope of 
the work curves, may vary irrespective of the general level of the 

. curve if the conditions of work are changed in such a way as to stimu
late or depress initial effort, and diminish or increase the fatigue 
experienced. It may be expected, therefore, that these variations 
will give some indication of the comparative value of the different 
conditions of lighting tried. 

In addition to the hourly weaving efficiency, Table IV (p.22) gives 
the relative efficiency in each spell of the night. In each typical night 
the spell having the highest average hourly weaving efficiency has, 
of course, a relative efficiency of 100 per cent. 

So far as the first spell is concerned, the relative efficiency does 
not differ to any important extent from that of the original lighting 
period, except,in the second experimental period (C) and in the cross
lighting period (H). The low efficiency in these two periods cannot 
be attributed to the effect of lighting. In the cross-lighting period 
it may have been due to low shed temperature in the first spell, the 
average recorded being only 58.90 F.,* but it cannot be satisfactorily 
explained in the period when lamps of similar wattage were used in 
standard dispersive reflectors . 

• This is several degrees below the dry bulb temperature found by Bedford 
to give maximum comfort for persons doing very light work under conditions 
comparable with those in the small shed in which this investigation was made. 
The work of the weaver is light rather than very light in character but. even 
so, the temperature recorded is probably too low for maximum comiort-see 
"The Warmth Factor in Comfort at Work." by T. Bedford. 'Reptwl No. 76 
6/1100 Industrial H,altlo R .. """A B_d. H.M.S.O .• London, 1936. 



TABLE IV.-Variation of group alJerllge we!llJing efficiency during the typical night of each lighting period, and relative 
efficiency in each spell of the night. 

Hours. I Per cent. 
Lighting 1st Spell. 

1 
2nd Spell. ard Spell. Mean Variation 

Installation. from AVirage 

I I 2 I 3 I 4 5 I 6 I 7 I s 9 I 10 I J1 Hourly Efficiency. 

Original A 74'0 I 7709 I 78·9 I 72'9 76'3 I 79·4 I 77·4 I 71·6 68·1 I 7704 I 62·3 ±5·4 

99·7 100·0 90·9 

100 watt B 79·2 I 82·1 I 82·7 I 74·6 80·4 I 81·9 I 80-7 I 76·7 76·0 181 '7 I 66·7 ±4·5 

S.D.R." 99'7 100'0 93·6 

ISO watt C 77·7 I 80·2 I 79·4 I 68·8 81·2 I 81·5 I 82·4 I 75·8 72·3 I 79-4 I 63·3 • ±6·2 
S.D.R. 95·4 100·0 89·3 

200 watt D 81·3 I 83·6 I 86·3 I 74'7 80'7 I 83·3 I 82-8 I 78'1 80·1 I 83-4 I 65·9 ±4·9 
S.D.R. 100·0 99·7 93·9 

200 watt E 82·9 I 85·0 I 85·2 I 71·9 81'8 I 82-8 I 8304 I 78·4 76·1 I 82·3 I 68·4 ±S·6 

M.G." 99·5 100·0 92·7 

200 watt F 79·1 I 84·3 I 82·4 I 73·5 80·6 I 82-8 I 83·9 I. 77·5 77·7 I 84·7 I 65·9 ±5·2 
V.E. &E.A.* 98·3 100·0 93·7 
200 watt F, 76·8 I 80·3 I 81·3 I 75·6 79'1 I 83·6 I 80·4 I 74·2 72·1 I 81·2 I 60·9 ±S·9 
E.A.· 99·0 , 100·0 90·0 
150 watt G 78-5 I 83'0 I 81·6 I 73·9 78·8 I 81-5 I 83-3 I 77·7 79·0 I 81·0 I 68·6 ±4·1 
E.A. 98·7 100·0 94·8 
150 watt H 74·1 I 75·6 I 77-4 I 70·4 75'~ I 79·6 I 79·2 I 74·0 7406 I 77·4 I 61·5 ±4'7 
C.L.· 96·5 100·0 ~2':J 
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Except in the second experimental period (C) and the single 
week period (F J when elliptical angle reflectors with 200 watt lamps 
were used, the relative efficiency in the last spell was higher in the 
experimental lighting periods than in the original lighting period. 
The maximum improvement occurred in the period when elliptical 
angle reflectors were used with 150 watt lamps (G), and the least 
improvement occurred in the cross-lighting period (H). There is no 
significant difierence between the improvement observed in the 
periods when 100 watt (Bl and 200 watt (D) lamps were used in 
standard dispersive reflectors, and when the mixed installation of 
vertical elliptical and elliptical angle units (F) was in use. The 
improvement with each of these installations was nearly 4 per cent., 
and it was nearly 3 per cent. with the general lighting installation (El. 
The variahill ty of efficiency during the night, sho\\"U by the percentage 
mean variation given in Table IV, was least during the two periods 
when the lighting installation consisted of 150 watt elliptical angle (G) 
and 100 watt standard dispersive units (B). 
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APPENDIX I 

A NOTE ON THE CoHPAJUSON OF NIGH!" WEAVE1lS' OuTPuT IN DlPPERF:>.' 
ExPElUllENTAL LIGHTING PEtuoDS, AND ow THE CoKPAlUSON OF NIGHT 
WITH COltRESPOloI'"DING DAY WEAVERS- OuTPuT IN THE SAKE PERIODS.. 

In most field investigations it is exreMingly difficult to ensure that alI 
the conditions within thefactmy which are capable of affecJ:ingthe productive 
capacity of the worker shall remain constan .. or nearly so, except the par_ 
ticular one the effect of varying which it is desiRd to stndy. This difficulty 
increases as the dmatiou of the investigation is prolonged, for such conditions 
as those of tempexature and natural lighting, for example, are subject to 
seasonal variation which cannot usually be confined within such narrow limits 
that its effect is negligible. In many cases also there are seasonal changes of 
product, particularly in certain textile factories. 

Short period experiments. thoogh permitting more rigid control of working 
conditions, are more liIreIy to yield results which are intlueoced by ., experi_ 
mental effort," and it is known that the initial efIects of changing some 
condition of work are not always maintained for Ioog periods. 

In the investigation described in the foregoing report the dmatiou of each 
of the experimental lighting periods was usually five weeks and the investiga
tion extended over a total period of ten months. It is obvious, therefore, 
that some conditions of artificial lighting had to be tried in summer and 
others in winter months, so that if a direct comparison is made bet ween the 
results obtained in one lighting period and those in another any di1ference 
.. -ill not necessarily be wholly attributable to the ditlerence of lighting but 
may be partly due to more, or less, comfortable conditions of warmth. It 
might be possible to estimate to wbat extent any such observed ditlerence 
was due to the normal effect of seasonal changes, for example of tempexature, 
by comparing the two periods noder consideration with the corresponding 
periods of the previons year, or of several previoas yeazs, providing the nature 
of the work then done was strictly comparable. In the present ease this 
procedure has not been possible. 

Apart from seasonal changes, otber conditions which affect the weaver 
vary from time to time to an extent which can be neither foreseen nor con
trolled, and it is not certain that the net effect of these variations will be the 
same in any two periods of five weeks' dmation. For instance, a series of 
bad waq>s may occur in one period and not in another, and this will increase 
the difficulty 01 weaving though the kind of cloth woven remains the same. 

In this investigation, however, the group of weaveIS selected for obser
vation worked at night on looms which were also in operation during the day 
by a different group 01 """'V1!TS. It is thus possible to compare the output 
of the night weavers in any lighting period with that of the day weavers in 
the same period, both groups weaving the same cloth. Seasonal variations, 
and any variation such as in the difficulty of the work. will affect both groups 
of weavers and any ditlerence between their lespecti "" performances, alter 
allowing for any original group difference "bsened (which may be due to a 
ditlerence of ability, or to a ditlerence between the day and night loom speed 
duE' to variation 01 supply voltage), will then be at Ieast mainly attributable 
to tbe change of lighting conditions imposed upon the night weavers. 

However, if there is an improvement in daylight illumination this may 
raise the day weavers' output bot will not affect that of the night weavers. 
Again. the day temperature may reach an uncomfortable level in summer and 
depress the day wea,,,,,,' output, while the C6, .. :spooding night tempexature 
may have no unfavourable effect on the outpnt 01 the night weavers. It is 
impossible to make any nnmerical COllections for the effect of such variations 
as these and they may. in some periods. depreciate the value of the day weavers' 
outpnt as a standard of comparison. The extent to which any improvement 
01 the night weave",' output is due to improved artificial lighting cannot, 
therefore, be exactly determined by this method though. on the whole. it 
probably gives a more reliable indication of the valne of the lighting conditions 
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than does the comparison of the night """veIS' output m the eo<perimea.tal 
lighting periods with their output unde!: the original conditions of lighting. 

Direct comparison can be made between the night and clay ..... ..".,.· 
performance in each lighting period if each performance is -PI ed as a 
percentage of the con.sponding group performance achieved in the control 
period. The pen:entage gain. or loss, of periormaDce by the night _vers 
will then be given by 

(
nigbt weavers' relative performance _ I) X 100 
day weavers" relatlve performance 

" . 



APPENDIX II 

THE SIGNIFICANCE OF OUTPUT CHANGES 

WEAVING EFFICIENCY AND PERsONAL EFFICIENCY (SPEED OF HANDWORK.) 

In the process of weaving the output, i.e., amount of cloth produced, in 
any unit of time is proportional to the machine running time. The latter can 
never be 100 per cent. of the time unit because the looms mnst be stopped 
periodic-ally to enable the weft in the shuttles to be replenished. There are, 
however. always other causes of lost machine running time~ of which the 
most important is the breaking of .. ends" (warp threads) which have to be 
.. taken up" by the weaver while the 100m is stopped. Accordingly, in 
practice, the weaving efficiency (ratio of cloth woven to cloth which would 
have been woven without loom stoppages, expressed as a percentage) may be 
only 75 or 80 per cent. In order to increase the output say by I per cent. 
either the number or duration of loom stoppages, or both, must be reduced. 
Assuming that the stoppages are limited in number to those which are un
avoidable, so that the loss of output depends only upon their duration, this 
loss can be reduced only by an increase in the rate of working of the weaver. 
But, to raise the output in this way by I per cent. from 4,500 picks per hour 
(75 percent. efficiency with a loom speed of 100 picks per minute) to 4,545 picks 
per hou. (75·75 per cent. efficiency), means that the proportion of the total 
working time occupied in handwork by the weaver must be reduced from 
25 per cent. to 24·25 per cent., and in this time he m1Ist do all tbe handwork 
he previously did in 25 per cent. of the total working time plus a little more 
made necessary by the additional cloth woven during the extra machine 
running time. His rate of working is. therefore. increased by 

(
75'75 724'25_ 1) loo=(75.75X25 1) 100=4·12 t 

75..:..25 X 24.25x75 X pereen. 

It is thus evident that in power-100m weaving a relatively large increase 
of personal efficiency i. necessary to effect a small increase of output, and the 
latter, considered by itself, gives an inadequate idea of the benefit derived 
by the weavers from any improvement of conditions to whicb it is attributable. 

OPERATIONS IN WEA VlNG AFFECTED BY LIGHTING 

It is mainly by making possible qnicker perception of weft shortage
indicating the necessity for re-shuttIing-and of warp breakages and tbe 
threads which have to be tied, and quicker discrimination of tbe heald eyes 
and reed dents through which broken "ends" may have to be drawn, that 
improved lighting can shorten the time occupied by the weaver in doing work 
requiring stoppage of the loom. Therefore, a very large reduction of handwork 
time cannot be expected, even with the best illuminatiOD~ unless comparison is 
made with results obtained with extremely poor illumination. For example. 
a 12 per cent. increase of output, given an initial weaving efficiency of 75 per 
cent .. would increase efficiency to 84 per cent., and would require the rate of 
handwork to be increased. by 75 per cent. if the handwork required is pro
portional to the weaving efficiency. An improvement of this orner would 
certainly be difficult to secure, as the result of improved visibility due to 
better lighting if the original lighting was good enough to permit an initial 
efficiency of 75 per cent. 

PROBABLE ExTENT OF OUTPUT GAIN OBTAINABLE WITH IMPROVED LIGHTING 

If the initial efficiency is low, say 50 per cent., a 12 per cent. increase of 
output requires an increase in the rate of handwork of 27·27 per cent., but~ 
at the higher initial efficiency considered above, a 12 per cent. increase of 
output could probably only he secured by eliminating or reducing otber causes 
of lost machine running time. such as breakdowns. absence of the weaver 



while letching weft, etc., but these are losses, some of which are either not 
reducible at all or are only reducible to a slight extent by better lighting. 

When the loom i. stopped the weaver has both to look at objects and 
manipulate them. UuJess the lighting is very bad. more time is spent in 
doing something than in seeing what has to be done. When the loom is stopped 
for re-shuttling the time occupied in performing this operation mainly depends 
on the weaver's rate of action. The need for quick perception occum beJor, 
the loom is stopped, when the weft is running low and, of course, if the lighting 
is bad and the weaver cannot see properly~ the weft may run out before the 
loom is stopped and leave an incomplete pick in the cloth to be removed 
before the loom is re-started. It is possible that several pickS may be missed 
altogether in this way, and the warp will then have to be pulled back to 
restore the cloth fell to its proper position in which it abuts against the reed 
when the latter is at the forward end of its stroke. Time and output are lost 
in thls way. but failure to stop the loom before the weft in a shuttle is exhausted 
can. and often does, occur because the weaver is occupied in attending to 
his second loom and cannot. therefore~ keep the other one under constant 
observation at the same time. Thus loss of machine running time due to 
this cause caooot be eliminated by improvement of lighting and is likely to 
be reduced very little by increasing illumination beyond the moderate intensity 
which suffices to enable the weaver to" see when the quantity of weft remaining 
in the shuttle is becoming small enough to necessitate re-shuttling. If the 
cloth is a fancy one, such as a patterned suiting. for which several shuttles 
are used, each containing weft of different colour, there may be so little 
difference between the colours that time may be lost in selecting the right one 
for insertion. and this, of course~ can be diminished by improving illumination. 
The actual insertion of a new pirn of weft into the shuttle is usually done 
while the loom is running. a spare shuttle being available, so that any time 
saved in doing this, due to better lighting-and it will not be great as this 
operation is controlled much more by marupulative skill than by vision-will 
not as a rule affect output. 

Thus, so far as re-shuttling is concerned, it is apparent that, unless per' 
formance in very bad conditions of lighting is compared with that in good 
or very good lighting, the clifference of loom stoppage time, and therefore of 
output. will be small. The cloth woven during this investigation necessitated 
re-shuttling on an average about fifteen times per hour per loom. and each 
re-shuttling required stoppage of the loom for about fifteen seconds. If no in· 
complete picks bad to be removed the total re-shuttling time per hour thus 
amounted to about 3f minutes. If~ however, it is taken as four minutes. this is 
only 6·7 per cent. of the possible loom running time. Now, if better lighting 
increases the machine running ti.me~ and thus the output level~ by reducing 
the time occupied in doing visual work when the loom is stopped, the increase 
of cloth woven would necessitate increased frequency of re--shuttIing as well 
as of yam breakage repair. so that the net time saved on re-shuttling under 
better lighting may be almost negligible. If, however. it is assumed that the 
net result of better lighting will be to reduce the hourly stoppage time by as 
much as JO per cent. of the maximum re-sbuttling time given above. Le. by 
0-4 minutes. and the initial weaving efficiency is 75 per cent. (the average 
weaving efficiency with the original lighting found in this investigation was 
14·2 per cent.). then the loom running time will be increased to 45·4 minutes 
per hour, thus increasing the output by 0·89 per cent., and the overall rate 
of handwork by 2·74 per cent. 

Apart from re·shuttling. the most important cause of lost machine running 
time which can he aJIected by lighting is the time required for piecing broken 
U ends. U Here perception and discrimination play an important part in the 
work to be don~ and more time may sometimes be spent in finding a broken 
end than in actually mending it, or in finding the appropriate heald-eye and 
reed-dent than in drawing a warp end through them. This, however, is by 
no means always the case, as " broken end may be easy to find or may be 
found partly by the sense of touch rather than sight. The actual operation 
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of piecing is quickly done, but, if sevem\ ends break at the same time, as often 
happens, the visual time element may be c:onsidexably increased in comparison 
with the manipulative time since care must be taken to piece the sevem\ 
threads in the coIreCt sequence. 

Obviously good lighting can reduce the time required for seeing in the 
process of piecing broken ends. but with the original lighting in the shed with 
which we are here concerned, it is doubtful whether the time occupied in 
seeing amounted to more than half-the total time during which the looms were 
stopped for" taking up ends." An analysis of the stoppage times recorded 
during the first period of this investigation, with the original lighting, sbowsthat, 
on the average, taking up ends occupied 30·32 per cent., or 3·335 minutes per 
hour, of the total stoppage time (excluding re-shuttling time) per loom. 
Assuming that 50 per cent. of this time is •• seeing time .. then, with a weaving 
efficiency of 75 per cent: (IS-4)xO·3032xO·5=1·67 minutes per hour is 
occupied by visual work in connection with the repair of yarn breakages. If 
this time can be halved, i.e., the speed of vision doubled, 0 by means of improved 
lighting the total stoppage time due to taking up ends will be reduced to 

1·67 
3·335- 2 =2'5 minutes per hour. 

But since any time saved in this way, and added to the loom running time, 
proportionally increases the Dumber of yarn breakages requiring repair, the 
effective additional loom runuing time will be less than O' 835 minute. Taking 
itasO'8 minute, the loom running time will be increased from the 45·4 minutes 
found above to 46·2 minutes per hour, thus increasiDg output, due to quicker 
re-shuttling and piecing, by 2·4 per cent. 

In addition to stoppages recorded for the purpose of taking up ends. 
others were due to the weaver having to attend to his other loom. This means 
that while piecing ends, taking a piece of cloth off the loom, or doing other 
necessary work on ODe loom. the other has sometimes to be stopped. to avoid 
fanlty weaving. Thus the stoppage of one loom for any reason often involves 
lost running time for both. This cannot be avoided by improving lighting 
but, obviously, if the piecing time is reduced the stoppage time required for 
attending to the other loom will also be reduced, though not to the fnll extent 
of the piecing time saved, since the wock done on the other loom does not CCI1Sist 
only of piecing broken ends. It is difficnlt to estimate very accurately what 
proportion of the time lost on one loom while attention is given to the other 
is due to that attention being required for the purpose of taking up ends. 
Some of this stoppage time will occur while a piece is being taken olf the other 
loom, as stated above, or while a pickiug-stick strap is being mended, etc., 
and it is very doubtful whether more than 25 per cent. of the time saved in 
piecing ends on one loom will also be saved on the other owing to the increased 
attention which the weaver is able to give it. 

The percentage of the total hourly loom stoppage time. doe to all causes 
except re-shuttliug, which was recorded as due to .. attending to the other 
100m .. with the original lighting was 21·83. With a weaving efficiency of 
75 per cent. this is equivalent to (15-4) X 0·2183=2·4 minutes per loom per 
hour. As it has been assumed that 0·8 minute can be saved on piecing 

ends by means of better lighting. 0~8 =0·2 minute will be saved on attending 

to the other loom, thus reducing this stoppage time to 2·2 minutes per loom 
per hour . 

• With good contrast, having regard to the size of detail to be seen io 
worsted weaving, it wonld not be possible to double the speed of visinn even 
by raising illumination to the high value of 500 foot-candles. t Bot if the 
contrast is poor and the material dark in colour, such a result may be possible-
perhaps with a lower illumination. 

t Vide .. The Relation between Illumination and Industrial Efficiency. 
(I) The Effect of Size of Work." Joint Roporl oflli. IJlliuslrial Hultlt Resea,ci 
Board and 1M Ill, .... iMtttm R_ci Commiuu. H.M.5.0., London. 1935. 
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Taking the com_ time saved on re-shutiling, piecing ends and atteoding 

to the other loom, i.e., 0·4+0·8+0·2=1'4 minutes, the total stoppage time 
is reduced from 15 to 13·6 minutes per hour and the ...... ving efficiency is 
mised from 75 to 77·33 per cent. bya total increase of output of 3'11 percent. 

Time can be saved in connection with other operations. some of which 
are DOt performed by the weaver, but by the loom tenter, but it is clear that 
the ~te time which can be saved by improvement of lighting cannot 
be sufficient to produce a large increase of output if the initial efficiency is 
fairly higb. ldachine nmniug time is lost. of course, from causes which canuot 
be iuJlnenced by lighting, such as the time lost when the weaver is away from 
the Ionms. and if this time can be reduced then a further improvement of 
output will be obtained. Much time may be wasted if the illumination is 
nut sufficient to enable the weaver to detect a broken w:up thread quickly. 
hot this will be the time of the mend~ who bas to sew in the missing portion 
of thread after the cloth is waveo. and it will not. ~fore. reduce the 
weaver's output~ 

So far, only the improvement of output likely to result from improved 
Tisual perionnance in connection with certain operations wbich normally 
attount for more than half the total foam stoppage time bas been consid~. 
But manual periormance may also improve with better ligbting which induces 
feelings of well-being, contentment and alertness and thus tends to stimulate 
physical activity. This elfect of lighting. primarily of a psycllological nature. 
is due largely to the general appearance of the work-place. Investigation of 
this aspect of the problem of ligbting, in the case of tile-pressers. bas $own 
that when a local system of ligbting, JIl'D"iding low illumination, badly 
distributed, so that the appearance of the work~ce is gloomy and cheerless. 
is replaced by a general system, giving reasonable illuntination, the rate of 
worlting is stimulated and output increased by about 6 to 10 per cent.· 

The change of intensity of illumination was from an initial average vaJne 
of about 1 foat-<andle to some .. to 5 font-<andles. The output of the tiJe
pressers was eotirely amUOlJed by their rate of handwork, but that of 
the weavem here ~ was c:ootrolled by the rate of handwork only for 
about oulHjtlarter of the total production time so _, even if the psycho
logical elfect of better lighting upon the weavers was of the same order of 
magnitude as in the case of the tile-pressers a Det increase of output of only 
about 2 per cent. rouId be expected. SiDre. however, the initial illumination 
in the _'ing shed was hig~ than that in the re-ligbted tile-pressing shop, 
and the geoeral appearance was reasonably good, an even smaller impro-.nent 
01 output due to the psychological elfect of better lighting must be expected. 
especia1Iy as the general appearance 01 the shed was not greatly chauged by 
the means employed to incnase the illumination on the work.. 

Thus. from the foregoing discussion. it is evident that if a large increase 
of output is secured when the initial efficiency is high it will probably be due 
partly to the variation of _IS other than lighting. 1.0 the present case. 
from the improvement of lighting alone, it may be expected that output can 
he increased perhaps by 5 per cent.. but it is doubtful whether a much better 
result can be achieved . 

• nde "The E1Iect of Lighting 00 Efficiency in Rougb Work [fi1ePressing).p 
Joilll R.port of 1M Irtdrlstri41 H..Itit ~4 Bomrl _ 1M ll-....no. 
R<sN>U C_ttu. H.M.S.O •• London. 1936. 
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No. 61.-The Nervous Temperament, byM. Smith andM. CuJpin. (1930.) 
Is. (I s. I d.) 

No. 7~.-The Proguostic Value of Some Psyebological Tests, by E. Farmer 
and E. G. Chambers. 9d. (104.) 

No. 78.-A Borstal Experiment in Vocational Guidance, by Alec Rodger. 
(1937.) 9d. (lid.) 

Reftrmces I<J WJ<o/i/JffGl uiectiOft also 0<_ i .. Repqrl No. 64. 

(vii). Time &lid J(ovunent stuQ. J(ethods of Work 
No. 8.-A Study of Improved Methods in an Iron Foundry, hy C. S. 

Myers. (19IS.) 24. (3d.) 
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?-Individual Differences in Output in the Cotton Industry, by 

S. Wyatt. (1920.) 6d. (7d.) 
8.-50me Observations on Bobbin Winding, by S. Wyatt and 

H. C. Weston. (1920.) h.6d. (I •. 7d.) 
9.-A Study of Output in Silk Weaving during the Winter Months, 

by P. M. Elton. (1926.) 20. 6d. (20. 84.) 
H.-Time and Motion Study, by E. Farmer. (J92 1.) 20. (25. 1d.) 
15.-MotioI\ Study in Metal Polishing, by E. Farmer. (1921.) 

20. (20. Id.) 
17.-An Analysis of the Individual Difierences in the Output of 

Silk-Weavers, by P. M. Elton. (1922.) is.6d. (Is. 7d.) 
22.-Some Studies in the Laundry Trade. by May Smith. (1922.) 

2 •. 64. (20. 84.) 
23.-Variations in Efficiency in Cotton Weaving, by S. Wyatt. 

(1923.) . 3s. (3s. 2d.) 
aG.-An Experimental Investigation' into Repetitive Work, by 
. I. Burnett. (1925.) 20. 6d. (20. 7d.) 
52.-The Comparative ElJects of Variety and Uniformity in Work. 

by S. Wyatt and J. A. Fraser (assisted by F. G. L. Stock). 
(I929.) Is. 3d. (Is. 4d.) 

56.-The Efiects of Monotony in Work, by S. Wyatt and J. A. 
Fraser (assisted by F. G. L. Stock). (1929.) 20. (20. Id.) 

n.-Incentives: Some Experimental Studies. by C. A. Mace. (1935.) 
]S. (Is. 24.) 

77.-Fatigue and Boredom in Repetitive Work by S. Wyatt and 
J. N. Langdon (assisted by F. G. L. Stock). (i937.) 

(viii). Postve and Physique 
is. 3d. (Is. 5d.) 

29.-The ElJects of Posture and Rest in Muscular Work. by E. M. 
Bedale and H. M. Vernon. (1924.) 25.64. (20. 8d.) 

SS.-On the Design of Machinery in relation to the Operator. by 
L. A. Legros and H. C. Weston. (1926.) 20.64. (20. 14.) 

44.-The Physique of Women in Industry (A Contribution towards 
the Determination of the Optimum Load). by E. P. Cathcart. 
E. M. Bedale. C. Blair, K. Macleod and E. Weatherhead. 
with a special section by S. G. Overton. (i927.) 5s. (Ss. 2d.) 

SO.-The Physiological Cost of the Muscular Movements involved in 
Barrow Work. by G. P. Crowden. (1928.) Is. (Is. Id.) 

n.-The Physique of Man in Industry. by E. P. Cathcart, D. E. R. 
Hughes. and J. G. Chalmers. (1935.) Is. 3d. (Is. 5d.) 

R.flrfflUS to pos/un, m., a"' .... a/so in Reports Nos. 15 tmtl 16. 

(ix). Sickness and Absenteeism 
51.-A Study of Absenteeism in a Group of Ten Collieries. by 

H. M. Vernon and T. Bedford (assisted by C. G. Warner). 
(1928.) 2 •. 64. (20. 84.) 

54.-An Investigation into the Sickness Experience of Printers (with 
. special reference to the Incidence of Tuberculosis), by 

A. Bradford Hill. (1929.) 4s. 64. (45. 84.) 
62.-Two Studies ot Absenteei."", in Coal Mines, by H. M. Vernon 

and T. Be1!ford. Is. (Is. 1d.) 
75.-Sickness Absence and Labour Wastage. Part I, by May 

Smith and M. A. Leiper. Part II. by Major Greenwood and 
May Smith. Is. 3d. (Is. 5d.) 

79.-An Investigation into the Sickness Experience of London. 
Traosport Workers, with special reference to Digestive 
Disturbances, by A. Bradford Hill. (1937.) 6d. (7d.) 

(x). MisceRaneons 
1O.-Preliminary Notes on the Boot and Shoe Industry, by 

J. Loveday and S. H.Munm. (1920.) h. Sd. (Is. 7tt.l 
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Ko. 13.-A Statistical Study of Labour TutI"""r in Munition and other 
Factories. by G. M. Broughton, E. H. Newbold, and E. C. 
Allen. (1921.) 3&. (3&. 2tl.) 

No. 27.-Resultsof Investigation in certain Industries. (1924.) 6d. (7d.) 
1\0. 45.-Two Contributions to the Experimental Study of the Menstrual 

Cycle. L-Its lnlIuenoe 011 Mental and Muscular Efficiency by 
S. C. M. Sowton and C. S. l\!yers. 1I.-lts Relation to General 
FuoctionalActivity. by E.M. Bedal.. (1928.) 2o.6d. (2o.8d.) 

No. 6S.-Two Studies in the Psychological Efieetsof Noise. I.-Psycho
logical Experiments on the Efieets of Noise, by K. G. Pollock 
and F. C. Bartlett. II.-The Efiect of Noise on the Per
fonnanceof Weavers. by H. C. Weston and S. Adam.. (1932.) 

Is. 3d. (Is. Sd.) 
No. 70.-The Perfonnance of Weavers under Varying Conditions of 

Noise, by H. C. Westoo and S. Adams. (1935.) 6d. (7d.) 
No. SO.-Toxicity of IndustriaJ Organic Solvents. Summaries 01 

Published Work. Compiled by Ethel Browning under the 
direction of the Comnuttee on The Toxicity of Industrial 
Solvents. 7 •. &t. (Ss.) 

REPORTS CLASSIFIED ACCORDING TO INDUSTRY 
NOTE.-Most of the reports in the following list deal exclusively with 

the industries onder which they are placed. In certain instances, 
however, reports have been prepared on some general subject. but 
yet make sufficient reference to a particular industry to justify 
inclusion under the appropriate heading. These reports are distin
guished by an -. Reports ",hich have no application to particular 
industries are not included in this section. 

A.-MINL"lG INDUSTRY 

No. 39.-The Relation 01 Atmospheric Conditions to the Working Capacity 
and Accident Rates of Mioers. Is. 3d. (Is. 4d.) 

No. SI.-A Study of Absenteeism in a Group of Ten Collieries. 
20. 6d. (2 •. 8d.) 

No. 60.-The Atmospheric Conditions in Pithead Baths. 9<1. (lOd.) 
No. 62.-TwoStudiesofAbsenteeisminCoall\!ioes. Is. (ls.ld.) 

a-METAL AND ENGIYEERING INDUSTRIES 

No. I.-The Iotluence of Hours of Work and of Ventilation on Output 
in Tinplate Manufacture. 6d. (7d.) 

No~ 2.-The Output of \\'omen Workers in Relation to HoUlS of Work in 
ShelI.makiog. 6d. (7d.) 

No. 3.-A Study of Improved Methods io an Iron Foundry. 2d. (3d.) 
No. S.-Fati!",<"and Efficiency in the Iron and Steel Industry. 3&. (3&. 2tl.) 
"No. 6.-The Speed of Adaptation to Altered Hoursof Work. Is. (Is. Id.) 
No. IS.-Motion Study in Metal Polishing. 2s. (20. ld.) 

C.-TExTILE INDUSTlUES 
No. 7.-Indi\-idnal Di1ferences io Output in the Cotton Industry. 

6d. (7d.) 
No. 8.-Some Observations on Bobbio Wmding. 1s.6d. (1s.7d.) 
No. 9.-A Study of Output in Silk Weaving during the v.rmter Months. 

2s. 6d. (2 •• 8d.) 
No. 17.-An Analysis of the IndividnaJ Di1ferences in the Output of 

Silk-Weavers. Is. 6d. (Is. 7d.) 
No. 2O.-A Study of Efficiency io Fioe Linen Weaving. Is. Sd. (I •. 7d.) 
No. 21.-Atmospheric Conditions in Cotton Weaving. 2 •• (2$. ld.) 
No. 23.-Variations in Efficiency in Cotton Weaving. 3&. (3&.2tl.) 
No. 37.-Fan Ventilation io a Weaving Shed. Is. 9<1. (Is. IOd.1 



36 
No. 40.-The Effect of Eyestrain on the Output of Linkers, in the Hosiery 

Industry. Is. (I •. Id.) 
No. 48.-Artificial Humidification in the Cotton Weaving Industry. Its 

Effect upon the Sickness Rates of Weaving Operatives. 
2 •. 6d. (2s. Sd.) 

°No.49.-0n the Relief of Eyestrain amongst Persons Performing very 
Fine Work. Is. 3d. (Is. 4d.) 

No. 59.-Sickness amongst Operatives in Lancashire Cotton Spinning 
Mills. Is. 6d. (Is. 8d.) 

No. 70.-The Performance of Weavers under Varying Conditions of 
Noise. 6tl. (7d.) 

No. 81.-The Effectsof Conditions of Artificial Lighting on the Performance 

No. 

No. 

of Worsted Weavers. . 

D.-BooT AND SHOR INDUSTRY 

IO.-Preliminary Notes on the Boot and Shoe Industry. 
1 •• 6d. (Is. 14.) 

1 I.-Preliminary Notes on Atmospheric Conditions in Boot and Shoe 
Factories. 3s. (3s. 8d.) 

E.-POl"l'ERY INDUSTRY 

No. lB.-Two Investigations in Potters' Shops. 2s.6d. (2<. Sd.) 

F.-LAUNDRY INDQSTRY 

No. 22.-Some Studies in the Laundry Trade. 

G.-Guss INDUSTRY 

2<. 6d. (2s. 8d.) 

No. 24.-A Comparison of Different Shift Systems in the Glass Trade. 
Is.6d. (Is. 7d.) 

H.-LETTERPRESS PRINTING INDUSTRY 

°No. 16.-Three Studies in Vocational Selection. 1s.6d. (Is. 7d.) 
°No.26.-On the Extent and Effects of Variety in Repetitive Work. 

The Relation between Illumination and Efficiency in Fine 
Work (Typesetting by Hand). 

The Effects of Different Systems of Ligbting on Output and 
Accuracy in Fine Work (Typesetting by Hand). 

Is.6d. (Is. 7d.) 
No. 54.-An Investigation into the Sickness Experience of Printers (with 

special reference to the Incidence of Tuberculosis). 
4s. 6d. (40. Sd.) 

I.-TRANSPORT WORKERS 

" No. 79.-An investigation into the Sickness Experience of London 
Transport Workers. with special reference to Digestive 
Distorbances. 6d. (7",) 

J.-LlGHT REPETlTlON WORK 

No. 14.-Time and Motion Study. 2s. (2<. 24.) 
No. 25.-Two Contributions to the Study of Rest Pauses in Industry. 

Is. 6,.. (Is. 14.) 
No. 26.-00 the Extent and Effects of Variety in Repetitive Work. 

Is. 6d. (Is. 14.) 
No. 3O.-An Experimental Investigation into Repetitive Work. 

2 •• 6d. (20. 7<i.) 
No. 32.-Studies in Repetitive Work with special reference to Rest 

Pauses. 2s. 6d. (2s. 7<i.) 
No. 52.-Tbe Comparative Effects of Variety and Uniformity in Work. 

Is. 3d. (Is. 4,..) 
K.-MUSCULAR WORK 

No. 29.-The Effects of Posture and Rest in Muscular Work. 
2<. 6d. (2$. 7<i.) 
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No. 41.-Rest Pauses in Heavy and Moderately Heavy Industrial Work. 

94. (104.) 

No. «.-The Physique of Women in Industry. (A Contribution towards 
the Determination of the Optimum Load.) Ss. (Ss. 24.) 

No. sa.-The Physiological Cost of the Muscular Movements involved in 
Barrow Work. Is. (1 •• 14.) 

No. 7l.-The Physique of Man in Industry. . Is. 3d. (Is. Sa.) 

SPECIAL REPORTS OF THE MEDICAL RESEARCH COUNCIL ON 
SUBJECTS RELATED TO THE BOARD'S WORK 

Akolwl 
No. 56.-The Effects of Alcobol and some other Drugs dming Normal 

and Fatigued Conditions. By W. McDougall and May 
Smith. (I92O.) Is. (Is. Id.) 

Miners' Dis_es, etc. 
No. 89.-Report on Miners' U Beat Knee," .-~ Beat Hand," and n Beat 

Elbow." By E. L. Collis and T. L. Llewellyn. (1924.)1 •. 64. (Is.7d.) 

No. 8O.--Second Report of the Miners' Nystagmus Committee; (1923.) 
901. (104.) 

No. 176.-Third Report of the Miners' Nystagmus Committee. (1932.) 
901. (lOa.) 

Nvtritiort 
No. 67.-Report on the Nutrition of Miners and their Families. By the 

Committee upon Quantitative Problems in Human Nutrition. 
(1924.) Is. 3d. (Is. 4d.) 

No. ISI.-A Study in Nutrition. An Inquiry into the Diet of 154 Families 
of St. Andrews. By E. P. Cathcart aod A. M. T. Munay, 
assisted by M. Shanks. (I931.) Is. (1 •• 201.) 

No. 165.-Studiea in Nutrition. An Inquiry into the Diet of Families in 
Cardiff aod Reading. By E. P. Cathcart and A. M. T. 
Murray. assisted by M. Shanks. (1932.) 6d. (74.) 

Dust 
No. 199.-Physical Methods for the Estimation of the Dust Hazards in 

Industry. By H. L. Green and H. H. Watson. (1935.) 
Is. (1&. 2d.) 
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1936. 4, 363. 
"Ventilation and heating in Relation to Comfort." Induslr. 
Welf.. 1937. 19, 218. IS. 
"Modent Principles of Ventilation and Heatiog." H. K. L4Wis 
<So Co .• Lid .• I.otui<m. 1937. 

CIlLPIN. MI1.LA1S: .. Psychological Disorders in Industry." P,,,,,lilioner 
1936, 131. 324 . 
.. The Application of Medical Psychology in Industry." Med. 
Off .• Man:h. 1937. 
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20Qa.,Q~.: "The HumlUl Factor in Accident Causation." 

Imt. Lond., 1937, 29, 1. . 
].Imu •. 

LANGDON, J. N.: "A Two-factor Study of Simple Motor Tests with 
Particular Reference to Flamce and Prognosis." Brit.]. Psychol., 
1937,27,4. 

SMITH, MAY: .. Nezves as a Handicap to Efficiency." Ment. Welf., 17, 65 . 

.. The Temperamental Factor in Industry." Engineering, 1936, 
129,3622. 

~'The Temperamental Factor in Industry.H Rum. Factor, Lond., 
September, 1936. 

" Psycbology in Industry." B.it. Med. J., 1937, L, 503. 
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