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The earl iest organised effort at research in employee 
effectiveness at Hawthorne began ok November 84, 1924.. A week: 
or two previous to tMs tisae the following bulletin board anE©tmee«-
ment appeared in three departments - (1 ) Kelay Asserabiy Bepart?a©ht, 
(S2) Miscellaneous Punch press Inspection Department, and (3) Re
ceiver Coi l Winding Departmentr> 

"The National Research Council of the ijaericaa 
Academy of Science is an established association of some 
years standing composed of the leading scientists and 
engineers, of the "United States and created for the advance^ 

• meat of science in a l l paths. 

*!Kae National Research Ootanoil has for some tii&e 
realized that the lighting of industrial establishments 
generally throughout the world has "bean determined in a 
rather crude fashion* and it has reached the conclusion 
that a scientific study of the entire .question of factory 
lighting would likely result In substantial benefit to the 
people engaged in. that class of work and to industry itself* 
!?he National Research Council has decided to conduct a line 
of sc ien t i f i c research of the entire Question during the 
next two years,, and to carry out the work: has appointed a 

• eomraiittee headed by professor D, 0 . Jackson, to the 
Massachusetts institute of (Technology. $hat the Oorsmitte© 
alias to make this research of a very thorough character i* 
indicated by the fact that the .National Research Council 
has appropriated fifty thousand dollars to cover the cost aof 
it3 investigations to determine what improvement of working 
conditions can be secured by better lighting. 

"Professor Jackson, acting for the Goraaittse, has 
asked permission of the Western Electric Company to make _ 
some tests at the Hawthorae teks bearing on this general J § J 
subject, and this request 3aas been readily granted as the * « * " ~ ^ * 
Western Sleetrie Company is Interested in any study of 
conditions that has for its object the determination, of 
improved working conditions. 

After a survey of the various classes of njanufactur^ 
ing conducted at Hawthorne, the Coiaraitte© has selected the 
Helay Assembly Department as one of the departments in vfhioh 
to conduct it* tests of varying degrees of lighting and. 
various forms of illumination. As soon as the national 
Research Council perfects it3 plans, further details as to 
the nsthod of conducting the proposed tests wi l l be given 
to you. 
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"As the Company is interested in the results, i t 
intends to lend a l l the assistance i t can in the conduct 
of these tests, and it asks that the employees of the 
Helay Assembly Department give their f u l l and free co
operation to the engineer assigned by the Committee to 
conduct this work." 

The purpose of this study as stated, by Professor Jackson, 
who was in charge of the study, in a paper which he presented 
before the JTankiln Institute at Philadelphia on Thursday, Dec
ember 8, 1927, was to seek the "Relation of quality and Quantity 
of Illumination to Efficiency in Industry.w 

These illumination studies which definitely got under 
way in November, 1924 continued until April 30, 192?* The ex
periments which took place during this period of two years and 
six months' are too involved to be covered in detail, but the 
following excerpts from a report by Mr* C. 2. Snow,* who was in 
charge of the research experiment at Hawthorne, give interesting 
indications as to the progress of the study; 

"During the f irs t winter, three different depart
ments were investigated. In one department the operatives 
inspected shiny metallic switch-jack shells and springs 
for a large number of possible defects. In the second 
department the operatives assembled electrical relays. 
This work consisted of placing the coils, springs and 
insulators into the proper position and then bolting them 
together. In the third department the' operatives wound 
small induction coils on wooden spools. 

"The general test procedure for each department 
was the same. First there was a preliminary period, 
during which the operatives worked under the existing light
ing installation supplemented by daylight.. The average 
production rates obtained during this preliminary period 
furnished base lines for calculating any future production 
changes. 

"The various levels of average illumination 
intensity for the 3hell and spring inspectors were 5, 6, 
14, and 23 foot-candles. The corresponding production 
efficiencies by no means followed the magnitude or trend 

J of the lighting Intensities. The output bobbed up and down 
' without direct relation to the amount of illumination. 

"Tho illumination intensities furnished the relay 
assemblers were 5, 12, 25 and 44 toot-candlee. The eff i 
ciency of this department increased more or less con
tinuously during the teat but not as a sole function pf 
illumination. 

•Research on Industrial lUnminatio* by C. 3.- Sao* *2Z$ Tech. 
Engineering Heir*. 
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**The various levels of average illumination intensity 
furnished to the coil winders were 10, 1$, 27 and 46 foot-
candles. The production efficiencies corresponding to these 
period of different lighting intensities were always higher 
than the starting level and did not always f a l l off with a 
decrease in illumination. 

"The results of this f irst winter's test, covering 
the three departments described, brought out very forcibly 
the necessity of controlling or eliminating the various 
additional factors which affected production output in either 
the same or opposing direction to that which we could ascribe 
to illumination. 

4* 

"During, the following summer, production records were 
kept of the three departments tested. 4 consideration of the 
favorable and unfavorable test factors eacisting in each de
partment led to the choosing of the coil winding department 
for another test the following winter. The essential change 
in procedure for this test was the division of the coi l 
winders into two groups • lach group had an equal number of 
operatives of equal experience and were so selected as to 
have exiual average productive efficiencies at the start of tne 
test, based on their summer records. One group, called the 
test group, was to work under variable illumination inten
sities and the other group, called the ccntrol group, was to 
work under as near a constant illumination as possible con
sidering the fact that the art i f ic ia l illumination was 
supplemented, by the ever variable daylight. The groups were 
located in different buildings in order to make the separation 
complete and in this way reduce the influence of any spirit 
of competition. 

"The test group worked under three different average 
lighting intensity periods of 24, 46, and 70..foot-candles 
while the control group worked under a u»re or less constant 
level of 16 to 28 foot-oandles. The increase in daylight 
accompanying the advancing season was responsible for/ the 
large variation in illumination intensity. This plait of "hav
ing a control group was decided upon as a means of evaluating, 
the effect of illumination hy subtracting the output of the 
control group from the output of the test group* The 
differential between the two should be related by any in
crease in productive efficiency caused by 'the higher levels 
of illumination intensity. 

"Tnis test resulted in very appreciable $*pdnetioa 
increases in both groups and of almost identical magnitude. 
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The difference in efficiency of th© groyps was so small as to 
be less than the probable error of the "values. Consequently 
We were.again unable to determine what definite part of the 
improvement in performance should be ascribed to improved 
illumination. However, i t should be borne in mind that the 
illumination intensity furnished the control group was 
relatively high and may have included the same benefits as 
the higher illumination furnished the test group. 

"ID-B following year another test was conducted with 
the coil winders, using two essentially different methods 
of procedure. The mixture of artif icial with natural 
illumination during the previous test had resulted in a lack 
of definite control of the illumination intensities. There
fore, this new test used art i f ic ia l lighting only; The 
levels of illumination intensity formerly used were in most 
cases considerably higher than are found in most plants* 
Furthermore, the results of the laboratory tests, "being 
carried on at this time for the committee, indicated that 
the critical point of illumination for the coil winding 
operation probably was in the neighborhood of 5 to 10 foot-
candles. For this- reason i t was decided to provide intensity 
levels from 10 to 5 foot-candles in steps, decreasing 1 foot-
eandle at a time. This, of course, applied to the test group, 
since i t was decided to follow the test control and group 
method as outlined in the previous iest. The control group 
was to be provided with a constant level of 10 foot-candles. 
Physical separation of the two groups was provided by locating 
each group in an enclosure, being careful, of course, to 
provide sufficient ventilation and to minimize any feeling 
of confinement. 

*The illumination intensity of the test group started 
at 10 foot-candles and decreased to 3 foot-candles, cutting 
down 1 foot-candle at a step. As the level of illumination 
in the test group enclosure changed to a lower Talus, the 
efficiencies of both the test and control groups increased 
slowly but steadily. When the level of illumination for the 
test group f inal ly reached S foot-candles the operatives 
protested, saying that they were hardly able to see what they 
were doing and the production rate decreased. The operatives 
could and did maintain their efficiency to this point in 
spite of the discomfort and handicap of insufficient illumina
tion." 

Shortly after the completion of the regular illumination 
study, ?f5r. Hibarger, who was in charge of the Hawthorne »s part 
of the investigation, requested and received permission to submit 
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two operators to s t i l l further experimentation* Two rather capable 
operators who were selected for their •willingness to cooperate in 
such a study and also because they had taken part in the original 
Illumination study, were provided with working faci l i t ies in a 
locker room which could be made completely dark. Mr. Hibarger 
then cut do*m the amount of light from what the gir ls had been 
working under, to .06 of a foot-candle at the bench, which is about 
the light given on an, ordinary moonlight night* 

Even with this very low intensity of light the girls kept 
their efficiency up and said that they suffered no- eye strain and 
indicated that they felt less tired than when working under bright 
lights* One of the girls said she would not loind working under 
these conditions of lighting for some time i f she Could have a 
radio in the room* ¥&en asked i f she thought she could assemble 
her work i f she war?- blindfolded, she said, *Yes, i t wouldn't 
be nice to have your eyes covered up a l l the tiuie. you do need to 
see a l i t t l e beeause you Can work faster*" 

Wc* Hibarger was interested in these results, but was not 
yet completely satisfied that i t had been clearly demonstrated 
that the effects of illumination seeured in the previous studies 
were more psychological than real* Hep therefore, without 
authorization, tried s t i l l further light tests on the girls* He 
f irst made regular day by day changes in the l ight, increasing the 
amount of light and daily asking the gir ls how they liked the 
changes in light. As the light was increases they told him they 
liked i t better for various reason*, and then for a day or two he 
let them see the electrician come in and ostensibly change the 
light globes. In reality, the electrician merely took out bulbs 
of a given size and reinserted bulbs of the same size without any 
way changing the amount of light* The gir ls , thinking that the . 
lighting was s t i l l being stepped up day by day, commented favor- . 
ably about the increase of light* After a few days of this he 
started stepping the light down day by day and at various periods 

f ' again let them see the electrician change bulbs without really 
<~ changing them; in other words, leaving the lighting the same* 

Again the girls gave hi* the answers that were to be expected at 
we see i t now in that they told him that the "lesser" l ight was 
not as pleasant to work under as the brighter l ight . Their 
production did not materially change at any stage in the "experi
ment a 

The net conclusions of the Hawthorne folk*s instrumental 
in carrying out this part of the research program is well ex
pressed in a memorandum which I,!r. ?ennooJc wrote to Professor 
Jackson three yeara after the completion of the illumination 
study (8-4-30). He says in parts 
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•*«tn my opinion the wor& we have done in the last 
three years does prove pretty conclusively that what we were 

( trying to do in the testing for the effect of illumination on 
output was an. impossibility. By that X mean that after three 
years of further tests for the effect of various factors on 
output we are convinced that it is impossible to test a group 
of people for the effect of any single variable, as a l l other 
conditions affecting the performance of human beings eannot 
be maintained constant., and therefore, any results obtained 
may be affected by any one of several variables." 

( 
tt.«.....if I were to write a closing statement for the 

Illtpodnation Keport X should say that, while the tests fai led 
in answering the specific question involved, they did ultimately 
teach us a great deal about the technique of making such 
studies 8 ahd this Icaowledge-applied to problems involving human7 

factors cannot f a i l to be of immense value to industry*'* 
In some ways the Illumination Study can be regarded as so 

much lost motion in that it proved that the relations ot the amount 
of illumination, and production could* not be definitely determined 

| because there are too many other uncontrollable features in the 
! industrial situation. This conclusion, however, led us into the 
i very much broader f ie ld of inquiry covered in the Relay Test Room 
\ which was set up following the completion of the Illumination Study* 

I t is interesting to note in this connection that the 
j objectives of this new test room which started in the early part of 

1927 were stated in the form of six rather definite quest ions <> The 
following six questions were, the original lists 

1. Do employees actually get tired out? 

2. Are rest pauses desirable? 

f So Is a shorter wording day desirable? 

4. What i s the attitude of employees toward their 
work and toward the Company? 

5. What is the effect of changing the type of 
working equipment? 

6. Why does production fa l l off in the afternoon? 
i 
i In addition to these {juestionsj i t was fe l t , from the ex

perience in the illumination study, that there was mueh to learn 
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from the operators themselves if we could establish, the proper r e 
lationship with them. I t was felt , too, that our experience would 
indicate our objectives more and nore clearly as we progressed in 
the study. 

"She actual working out of these questions is in itself a 
long and involved story and i$ covered in other papers. 

< 
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RESEARCH ON INDUSTRIAL HLUMINATION 

A Discussion of the Relation of Illumination 
Intensity to Productive Efficiency. 

It is the purpose of this article to give a general description 
of a series of tests of the effect of illumination intensity on pro
duction conducted under the supervision of the committee on industrial 
illumination of the division of engineering and research of the National 
Research Council* The phases of the tests toward which attention wi l l 
be directed are the methods of test procedure, the industrial operations 
investigated, a statement of results, and a statement and analysis of 
some of the problems which arise in such an investigation. 

The late Dr. Ernest Fox Nichols, president of the Massachusetts 
Institute of Technology in 1921, and chairman of the committee on re* 
search of the Illuminating Engineering Society in 1924, was in a large 
measure the instigator of this illumination study* He contributed a 
large part of his valuable time in organizing a tentative program for 
such an important undertaking, and with the approval of President 
Stratton, persuaded Professor Jackson of the Massachusetts Institute 
of Technology, to accept the active chairmanship of a committee on In
dustrial illumination* This conmittee represents the division of en
gineering and research of the National Research Council and is part 
of a large directive board composed of most distinguished men* These 
men include well-known executives, electrical engineers, illuminating 
engineers, educators, psychologists, ophthalmologists and an officiel of 
the American Federation of Labor* 13x1s committee in handling such an 
investigation, was practically ideal in that i t represented a completely 
impartial but highly Interested and informed body of men* itr* Thomas 
Edison accepted the honorary chairmanship of the directive board ant in 
the spring of 1924, the f irst meeting was held in the library room of 
his laboratory at West Orange, N # J . , to discuss and pass upon the 
policy and program of the investigation* The phases covered in -Oils in
vestigation included an exhaustive review of the literature, and a 
series of laboratory tests and industrial illumination-production tests 
carried out in the factories* This paper wil l be confined to a con
sideration of the industrial tests* The classes of work chosen for in
vestigation are representative, with respect to their eye task, of the 
most common types In industry* The Institute of Technology was se
lected as the central organization to carry on the tests and the Illumi
nating Engineering Society gave its endorsement and adherence to the plan* 

The f irst industrial test was conducted in the switch assembly 
department of a large eastern manufacturing plant and dovered a period 
of six months. A group of operatives to be included in the test were 
selected end means taken to record the average hourly production of 
the group* The first part of the test constituted a period during which 
the operatives worked under the original lighting installation and gave 
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a production rate which was used as the base, or arbitrary standard, for 
any future changes in production efficiency caused by the introduction 
of a higher illumination intensity. The level of artificial illumina
tion intensity furnished by the original installation was 7 foot-candles* 
This intensity was raised to 9 and then to 23 foot-candles for periods 
lasting 5 to 6 weeks* Throughout the test the artif icial illumination 
was supplemented by so much daylight that any average based on these 
intensities i s of l i t t l e value* It w i l l be observed that the original 
level of intensity of art i f ic ial illumination (7 foot-candles) was 
well above factory lighting characteristic of the united states, and 
this was also aided by natural lighting* 

In each case of increased illumination Intensity there was an 
appreciable Increase in the production rate* However, when the a r t i 
f ic ial intensity was changed to that of the two lower levels, the pro
duction rate remained at its new high level* 

This test brought to mind clearly the important effect of un
controlled influences. The factors which affected production vary 
greatly, and which consequently obscured any possible lighting effect 
which might be present, were increasing demand for the product increas
ing efficiency, (operatives becoming more experienced), variation 
in working material and changes in product end operation* 

Another test was started about the same time as the f irst one 
and continued over a period of two and one half years* This test was 
conducted in a large plant in the middle west and was broken up into 
three separate divisions, correaponding to three different winters* 

During the f irst winter, three different departments were 
investigated* In one department the operatives inspected shiny metallic 
switch-jack shells and springs for a large number of possible defects* 
In the second department the operatives assembled electrical relays* 
This work consisted of placing the coils, springs and insulators into 
the proper position and then bolting them together* Figure 2 shows an 
operative in the process of assembling a relay* In the third department 
the operatives wound small Induction colls on wooden spools*. 

The general test procedure for each department was the same. 
First there was a preliminary period, during which the operatives worked 
under the existing lighting installation supplemented by daylight* The 
average production rates obtained during this preliminary period fur
nished base lines for calculating any future production changes* 

The various levels of average illumination intensity for the 
shell and spring inspectors were 3, 6, 14 and 23 foot-chandles. The cor
responding production efficiencies by no means followed the magnitude 
or trend of the lighting intensities. The output bobbed up and down 
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without direct relation to tixe amount of illumination. 

The Illumination intensities furnished the relay assemblers 
were 5, 12, 25 and 44 fcot-candles. The efficiency of this department 
increased more or less continuously during the test but not as a sole 
function of illumination* 

The various levels of average illumination intensity fur
nished to the coil winders were 10, 16, 27 and 46 foot-candles* The 
production efficiencies corresponding to these periods of different 
lighting intensities were always- higher than the starting level and did 
not always f a l l off with a decrease in illumination. 

The results of this f irs t winter's test, covering the three 
departments described, brought out very forcibly the necessity of 
controlling or eliminating the various additional factors which af- I 
facted production output in either the same or opposing direction \ 
to that which we could ascribe to illumination. 

During the following sunmer, production records were kept of 
the three departments tested. A consideration of the favorable and un
favorable test factors existing in each department led to the choosing 
of the coil winding department for another test the following winter* 
The essential change in procedure for this test was the division of the? 
coil winders into two groups* Each group had am equal number of 
operatives of equal experience and were so selected as to have equal 
average productive efficiencies at the start of the test, based on 
their sunnier records. One group, called the test group, was to work 
under variable illumination intensities and the other group,-called the 
control group, was to work under as near a constant Illumination as 
possible considering the fact that the art i f ic ia l illumination was sup
plemented by the ever variable daylight. The groups were located in 
different buildings in order to make the separation complete and in this 
way reduce the influence of any spirit of competition. 

The test group worked under three different average lighting 
Intensity periods of 24, 46 and 70 foot-candles while the control group 
worked under a more or less constant level of 16 to 28 foot-candles. 
The increase in daylight accompanying the advancing season was res
ponsible for the large variation in Illumination by subtracting the out
put of the control group from the output of the test group. The differen
t ial between the two should be related to any increase in productive 
efficiency caused by the higher levels of illumination intensity. 

This test resulted in very appreciable production increases 
in both groups and of almost identical magnitude. The difference in 
efficiency of -the groups was so small as to be less than the probable 
error of the values. Consequently we were again unable to determine what 
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definite part of the improvement in performance should be ascribed to 
improved illumination. However, i t should be borne in mind that the 
illumination intensity furnished the control group was relatively high 
and may have included the same benefits as the higher illumination fur
nished the test group* 

The following year another test was conducted with the coil 
winders, using two essentially different methods of procedure. The 
mixture of artif icial with natural illumination during the previous 
test had resulted in a lack of definite control of the illumination in
tensities* Therefore, this new test used art i f ic ia l lighting only* 
The levels of illumination Intensity formerly used were in most cases 
considerably higher than are found in most plants* Furthermore, the 
results of the laboratory tests, being carried on at this time for the 
committee, Indicated that the critical point of illumination for this 
coil winding operation probably was in the neighborhood of 5 to 10 foot-
candles* For this reason i t was decided to provide intensity levels from 
10 to 3 foot-candles in steps, decreasing 1 foot-candle at a time* This, 
of course, applied to the test group, since i t was decided to follow the 
test control and group method as outlined in the previous test* -The 
control group was to be provided with a constant level of 10 foot-candles* 
Physical separation of the two groups was provided by locating each 
group in an enclosure, being careful, of course, to provide sufficient 
ventilation and to minimize any feeling of confinement* Figure 1 gives 
an excellent picture of one of the two identical group enclosure. The 
lighting installation, fans, burlap screens, and working positions are 
clearly indicated* 

The illumination intensity of the test group started at 10 
foot-candles and decreased to 3 foot-candles, cutting down 1 foot-
candle at a step* [ I s the level of illumination in the test group en
closure changed to a lower value, the efficiencies of both the test 
and control groups increased slowly but steadily.1 When the level of 
illumination for the test group f inally reached TTf oot-candlea, the 
operatives protested, saying that they were hardly able to see what 
they were doing and the production rate decreased* The operatives could 
and did maintain their efficiency to this point in spite of the discom
fort and handicap of Insufficient illumination* 

An entirely different illumlnation«proluction test was conducted 
in the paper cutting department of an eastern plant. This test involved 
-the use of natural illumination only and was possible because of the very 
large amount of window space in the room and because the test was con
ducted in the part of year when the intensity of daylight was strong 
end getting stronger daily* 

The operation performed by the workers consisted of cutting 
paper napkins from a large rol l of paper stock mounted on rollers* The 
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paper was pulled across 1ae lower blade of a large knife and stopped 
at a spot mark which indicated the place for cutting, but the location 
of the spot was indicated both manually and visually. The upper blade 
of the knife was operated by a treadle so that the actual cutting opera
tion was accomplished by a foot movement* As soon as one cut was made* 
tiie operative pulled the paper along and the action was repeated over 
and over* Figure 3 indicates very clearly the operation of cutting 
the napkins and the brightness of the white paper* 

The brightness of the white paper and production counts were 
read hourly at each operative's machine* nature was relied upon for fee 
variation in illumination since daylight varies considerably over dif
ferent hours of "the day and skies, (clear, light clouds, dark clouds, 
etc*,) sufficient variation of illumination for our purpose was obtained* 
Therefore we had a means of obtaining the hourly production and hourly 
variation in illumination for each individual in the test* 

The result* of this test indicated that thie particular opera
tion can be performed nearly as effectively under low values of illumi
nation as under high values* The general range of illumination in
tensities existing throughout the test was from 2 to 40 foot-candles* 

The next investigation was carried out in an eastern jewelry 
manufacturing plant* The operation tested was the joining of minute 
metal links of mesh bags* This particular job eeemsd rather ideal for 
the purpose of the experiment because i t possessed a considerably 
greater eye task than m any industrial operations* Sheet mesh (com
posed of very snail wire rings joined together on automatic machines) 
was furnished to the operatives cut into the proper sizes for bags* In 
order to make the bag, the sides had to be joined together* The actual 
operation of joining, as performed by the operatives, was to place the 
l i t t l e rings to be joined over one half of the small circular die by 
using tweezers* The operatives pressed a foot pedal and the upper half 
of the die came down upon the lower* Simultaneously wire was fed to the 
dies, cut off, and formed into a ring around the other rings which were 
to be joined* The number of rings inserted by the operative was re 
corded by a counter attached to the machine* 

Three types of illumination were available—daylight, over- . 
head art i f ic ia l illumination and local illumination from individual 
reflectors* The general overhead illumination was used at the opera
tive's discretion - usually in the early morning and late afternoon* 
Illumination measurements were made at each machine hourly and at the 
seme time the production was read from the counters* 

This particular oporation was stuiled in the laboratory at 
Technology the following year and save more definite reailts than could 
be obtained under the necessarily irregular conditions axis ting in the 
factory* With two increases of illumination intensity, a single operative 
produced appreciable increases in efficiency of production* Before 
further ehsnges In illumination intensity could be attempted, or the 
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first f igures cheeked, the trained test subject resigned* 

A very different class of work was subjected to investigation 
by conducting an illumination-production test in a large eastern cotton-
tape weaving mill* The actual production of the tape was, of course, 
from power driven looms* However* there was a sufficient number of 
strictly manual operations requiring close visual attention to be per
formed to have a direct bearing upon the actual production of the looms* 

During the test, the operatives worked under artificial Illumi
nation of fine quality furnished by indirect lighting units* This 
luxurious type of illumination was of especial value for the work be
cause the shadows were reduced to a minimum. Shadows would have had 
an extremely detrimental effect with direct lighting because of the 
physical characteristics of intricate mechanisms such as looms* 

The results of this test were not unlike those of previous 
tests In that they illustrated the manner in which influences other 
than illumination affect efficiency to so great an extent that i t is dif
ficult to ful ly isolate the benefits of good illumination* 

These uncontrolled outside influences are many in number and 
Varied In effect* Some of them are beyond the control of the operatives, 
but many are a direct result of psychological effects bound up in the 
individuality of the worker* As soon as lessons were learned from the 
experience of one test and corrective measures applied, additional 
lesser variables would become apparent to continue the process of ob
scuring the results. 

A partial enumeration of the various factors will bring out 
forcibly the difficulties and problems of such an investigation* The 
demand for the produce wil l cause a large variation in the rate of out
put* A sudden large increase in orders m i l result in a large total 
output but it may or may not cause an increase in Individual output* 
If new workers ere employed and have to go through a learning period, 
the average efficiency of a group w i l l decrease in spite of the increase 
in total output* If the original employees take care of the increased 
production, then, of course, the efficiency goes pp In proportion* Fear 
of a lay-off wi l l cause employees to work very hard to hold their jobs* 
with plenty of jobs available, they will be independent and the tendency 
Is to work more as they please* 

Piece rate workers have a different incentive for production 
than day rate workers* Some piece rate employees perhaps intentionally 
limit their production in the fear of having a irate cut. A sudden de
sire for money may result in a tremendous spurt on the part of a piece 
rate worker* A very marked effect is observed in the kind and amount 
of supervision applied to workers. A new foreman or shop boss may 
cause a large change in efficiency* 
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Outside interests and activities contribute their share in the 
general effect* The drop in production around holidays is known to every 
factory man. Then there is the v i ta l effect of physical condition* This 
subject needs no enlargement — we a l l have f irs t hand information on 
the relation of our general condition with what we accomplish* 

In conclusion it 1 s desired to emphasize the following state- \ 
meats* Any Investigation attempting to evaluate definitely the effect 
of illumination or some such Influence, must take the greatest of pains : 
to control or eliminate a l l factors but the one being studied* Many i 
of them can be controlled or eliminated, but the one great stumbling \ 
block remaining is the problem of the psychology of the huaan in* y' 
dividual. 

This resume of a series of tests has merely touched the high 
spots. Detail was Impossible in such a short article* The complete 
end final report of the whole investigation wi l l be published by the 
division of engineering and research of the National Research Council 
in 1928, associating numberous tests in factories, much laboratory work 
end study by notable psychologists carried on at the instance of the 
committee which has secured a volume of information that it is believed 
will prove serviceable to the industries in this important factor of 
artificial Illumination* 
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