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This paper investigates the effects of two environmental parameters, illumination
and noise, on human performance. While many single=factor studies have been made on
both illumination and noise, relatively little research has been done Lo determine
multi-factor environmental effects on performance. Studies of the combined effects
of various environmental factors would be useful to both government and industry
in the maintenance area, For example, the Army could use such information to de-
termine wmore accuiate estimates for maintenance task times and repair times. In an
organization as large as the Army, with its huge investments in maintenance operation
this could result in a significant cost reduction.

In this studyv, subjects perform a manual task under four conditions of illumination
and noise. 1T:e results show an effect due to illumination but no effects due to
noise or the noise=illumination interaction,

PORM ABPLACES DO PORM 1473, | JAN 84, WHICH 18
D ' OBSOLETE FOR ARMY UK.

1 N0V 68

!mgLassiféed
curity Classification

Bl o e i s ki

ottt B i w ad X anbittl # aet -




The ideas, concepts and results herein presented are those of
the author and do not necessarily reflect approval or acceptance by
the Department of the Army.




ABSTRACT

This paper investigates the effects of two environmen-
tal parameters, illumination and noise, on human perform-
ance, While many single~factor studies have been made on
both illumination and noise, relatively little research has
been done to determine multi-facto:r environmental effects on
performance. Studies of the combined effects of various en=-
vironmental factors would be useful to both government and
industry in the maintenance area. For example, the Army
could use such information to determine more accurate es-
timates for maintenance task times and repair times, In an
organization as large as the Army, with its huge invest-
ments in maintenance operations, this could result in a
significant cost reduction.

In this study, subjects perform a manual task under
four conditions of illumination and noise. The results

show an effect due to illumination but no effects due to

noise or the noise=-illumination interaction.
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CHAPTER [
‘ INTRODUCTIUON

General

There has been uch research performed in the area of
environmental testing to determ.ne the effects of various
environmental factors on numan performance and activity.
Most of this research has been confined to the study of a
single factor, however, while little attention has been
paid to multi-parameter tseting. Since man's normal en-
vironment includes the effects of more than one parameter
it seems reasonable to attach greater importance to studies
of two or more factors.,

The knowledge gained from this type of research could

be applied to many areas. Studies of multi-parameter ef-
fects on performance could be used by safety groups if
reaction times were used as a data base. Organizations
having large maintenance divisions such as the Army would
also be alided by this research through information useful
in determining maintenance task times and repair times,

In general, studies of multi-parameter effects on perform-
ance would result in improved, more efficient desiens for

man-machine systems in addition to a better understanding




of how man performs in his environment and what can be done

to improve his performance.

Problem
The main purpose of the experiment is to determine
the effect of a combination of two environmental parameters,
illumination and noise, on simple motor performance. Both
illumination and noise are also examined individually to

determine the single-factor effects.

Research Hypotheses
The null hypotheses against which the research hypoth=-
esas will be tested are: 1, Illumination has no eftect on
performance; 2., Noise has no effect on performance; and
3. The interaction of illumination and noise has no effect

on performance.

Summary
In this paper, a two-factor study of the effects of
illumination and noise will be presented. Chapter II con-
tains the results of a survey of the literature on noise
and illumination. The experiment is described in Chapter
III and an analysis of the data is given. Chapter IV is
a discussion of the results of the experiment. The con=-

clusions and recommendations for future research are pre-

sented in Chapter V,




CHAPTER I1
LITERATURE REVIEW

illumination

Many studies have been made to determine the adequate
levels of illumination necessary for various human tasks
and activities. The criteria used to establish tnese
levels include visual acuity, heart rate, blink rate, mus-
cular tension, opinions and preferences, and the critical
level of illumination, which is descrited by Tinker (15)*
as being the intensity beyond which there is no appreciable
increase in the efficiency of performance as the illumina=-
tion is increased. Equipment used to detearmine illumina-
tion levels includes optical systems for measuring visi-
bility such as the Luckiesh-lioss visibility meter (1 ),
and the Blackwell Visual Task Evaluator (11). There has
been much controversy concerning the choice of criteria
for use in setting standards and, as a result, there are
no universally accepted standards. However, the trend in
recent years has been directed toward the use of standards

establishel by the Illuminating Engineering Society wnhich

’ +
Numbers in parentheses refer to list of references at

3

the end of the paper.




were obtained using the Blackwell Visual Task Evaluator.

Numerous laboratory studies have been made to deter-
mine the effect of varying levels of illumination on per-
formance of a task. In a study conducted by Simonson and
Brozek (13), subjects performed a letter recognition task
for several two-hour periods, each of which having a dif-
ferent illumination level. The results of that study
showed a marked increase in performance with illumination
levels up to 15 footcandles, a smaller rate of increase
from 15 to 50 footcandles, and practically no increase
above 50 footcandles,

Another study by Tiffin (14) invectigated the effects
of three levels of illumination (5, 50, and 150 ft-c) on
the performance of a manual task. Each subject performed
the Purdue Hand Precision Test under each level of illumi-
nation, Again, a significant improvement in performance
occurred from 5 to 50 footcandles but there was little
change beyond the 50 footcandle illumination level.

These and other similar studies reveal a typical per-
formance pattern of a noticeable increase in performance
with increasing illumination up to a certain point above
which the performance level remains constant,

In contrast to the large amount of laboratory research
in illumination, very few studies have been carried out
under actual work conditions, Most literature in this area
consists of records of changes in performance after changes
in illumination levels were made. These changes in illumi-

nation levels were not made primarily for the purpose of




experimentation however, and other factors also might have
changed since there were no controlled experiments. Sev-
eral surveys in this area were taken by Luckiesnh and Moss
(9 ), Hess and Harrison (6 ), Viteles (16), Weston (17),
and others in factory and assembly plant situations. Data
were recorded in the form of old and new (hizher) illumina=-
tion levels and the per cent change in work output was
measured. The majority of these surveys show varying in-
creases in performance from 4 to 35 per cent. i
The choice of an optimum level of iilumination was
simplified by the inZormation found in the IES Lighting

Handbook. In order to simulate a normal working environ=-

ment, a level of 100 footcandles was selected since this is
the level recommended by IES for various types of assembly,
inspection, and manufacturing operations. It is also the
recommended level for a regular office work environment.

The results of the literature survey indicated that a

lower than optimum level of illumination should be used in
the experiment because there would not be any appreciable
change if a higher level were used. The nature of the task
was such that it was suitable for use under very low illu-
mination conditions. After several preliminary tests were

made, a low level of 0.9 footcandles was selented.

Noise

Many references are available on the effects of noise

on human performances: however, many of these are contra-




believe that when the work environment has been made quiet-
er, they ouzht to be able to work faster and so do. ‘1his
may or may not indicate any genuine effect on performance
of a noisy environment. The opposite effect is also pos-
sible in which subjects perform better in a noisy environe
ment because they feel they should.

Perhaps the only conclusion one can reach from read-
ing reviews of the effects of noise on human performance
is that there are effects. Whether these effects are det-
rimental or facilitative (or both), how they are related
to intensity or frequency, what changes occur over time,
etc., remain largely undetermined.

Thus, the choice of type and level of noise to be
used in this experiment was somewhat difficult. The first
decision made was to use ambient noise as the normal level
and a high intensity ncise as the adverse level. Althourh
it has been shown by Fornwalt ( 5) that noise of random
periodicity and by Broadbent ( 2 ) that noise of high fre-
quency are more detrinental in their effect on performance,
it was decided to use constant, broad-band, random (white)
noise to present a more uniform, more easily controllable
noice environment. Schoenberger and Harris (12) used white
noise in their experiment, as have several others, because
noise of this type contains all frequencies up to a speci-
fied maximum (20,000 hertz) at a fairly constant intensity.

White noise can thus be used as an easily reproducible,
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readily available noise source, without concern for perio-
dicity or spectrum.
The experiment for which these values of noise and il-

lumination were required is discussed in Chapter III,
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CHAPTER III

METHOD AND ANALYSES

In this chapter the method in which the experiment
was conducted is described and an analysis of the data

is given,

Apparatus

The experiment was conducted in the Human Factors
Environmental Laboratory using the chamber in which a table,
chair, and loudspeaker were placed. The illumination and
noise levels were controlled from the panel instruments and
other equipment located outside the chamber. The normal
lighting facilities of the chamber were used to obtain
the optimum and adverse illumination levels. A vossen
Luna«Pro licht meter was used to measure tne illumination,

A General Radio random-noise generator (Tyvpe 1390-B)
was used to obtain the adverse noise .evel., The output
of the generator was amplified by a icIntosn amplifier
(Model 240) which was connected to a Knight loudspeaker.
Sound level readings were made with a General Radio Type
1551-C Sound Level Meter,

The task used in the experiment was the Purdue Test of

Manual Dexterity, which is a board containing two columns
9
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of equally-spaced holes into which a peg, washer, and
sleeve combination is placed in a specified order (see
Figs. 1 and 2). The two columns of holes, as well as the
area of the board between them, were masked off with black
tape to make the task somewhat more difficult., This par-
ticular test was selected as a performance task after con=-
sidering such factors as task complexity, intellirence re-
quired to perform the task, time limitations, space limi=-
tations, and amount of training required to perform the

task.,

Subjects
Twelve subjects were selected from a group of male
graduate students., Subjects enter into the experimental

model as one of the fixed factors.

Procedure
The experiment consisted of havings the subjects per-
form the task under various combinations of illumination
and noise conditions while temperature remained constant
at a level of 72° F. The optimum and adverse levels of the
two parameters gave four treatment combinations:
1. IN 3. I, Ny

00 1

2, ION1 L, 11 N1

where1 IO is 100 footcandles; I1 is 0.5 footcandles; No is

95 decibels; and N, is 95 decibels.

1

Subjects were seated at the table on which the pesboard,

loudspeaker, and a signal light were placed (see Fig. 3).
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Figure 1., Pegboard and components.
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Noise and illumination levels were adjusted at the begin-
ning of each run. The subjects were given a sufficient
amount of time to practice the task and estabiish a pate-
tern for assembling the components. The subjects were in-
structed to begin assembly with the first hole in each
column followed by a column pattern of every other hole on
the left and every third hole on the right. This ¢olumn
pattern was to be established while alternating between

the left and right columns. Upon a command from the ex-
perimenter relayed through the red signal light, each sub=
ject was given one minute in which to assemble as many
components as possible. At the end of one minute the red
light was flashed, signalling the end of the run. The
number of correctly placed components was recorded and the
board was disassembled for the next run. The subjects per-
formed the task two times under each of the four conditions

in random order.

Measures and Analyses :

The experiment was not completely randomized due to
the restriction that each subject had to perform the task
eight times in one sitting., In this case, each replication
was a block and the design was a randomized block design
with a complete factorial experiment randomized within each
block.

The expanded model for the factorial experiment in a

randomized block design is given by the following equation:




1%

= ,u+-S.l + Nj + Ik + SNi’ + SIik + NI

+ SNI.
B i

Jk Jk

* €nm(ijk)

which includes the interactions of replications and treat-

ments. The terms in the model are defined as follows:

X is the observation;

ijk
4 is the common effect for the whole experiment;

S.l is the effect due to subjects;

Nj is the effect due to noise;
Ik is the effect due to illumination;

SNij is the effect of the subject-noise interaction;
SI.lk is the effect of the subject-illumination inter-

actioni

NIjk igs the effect of the noise-illumination interac-

03

tion;
SNIijk is the effect of the subject-noise-illumination
interactions and
€n(iijk) is the error term,
The hypotheses to be tested are: le Nj = 03 Hzx Ik =
and HBa NIjk = 0. These hypotheses are used to represent the
assumptions that noise, illumination, and the interaction

betwe

ance,

and i

corre

using

en noise and illumination have no effect on perform-

The independent variables in this experiment were noise
llumination., The dependent variable was the number of
ctly placed components,

The data recorded during the experiment were analyzed

the methods outlined by Hicks (?7) for a two-factor
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experiment in a randomized block design. Error mean square
terms were calculated (Table 1) so that tests of signifi-
cance could be determined and an analysis of variance table
was developed (Table 2. The data recorded during the ex-
periment may be found in the appendix.

The three hypotheses were tested at a five per cent

significance level., The results of the experiment will be

discussed in Chapter IV,




o

; Table 1

ERROR MEAN SQUARE TERMS

12 2 2 2
F by F R
Model i i k m EMS
S, 0 2 2 2 gl 4+ 8a?
i e 5
2 2
Nj 12 0 2 2 U’e + U4RBg -
SN, , o o0 2 2 g2 4 L2
1] e 5
2 32,
Ik 12 2 0] 2 og 3 + U8 i
2 2
SIik 0 2 0 2 o Bl 4z o
. 2 Ll
NIJk 12 0 0 2 q o 243 -
SN 2 2
bhlijk 0 0 0 2 g . + 207 —
I 2
Tests: Test all terms against error term.
(Note; The EMS Table was developed according to the
methods outlined by Hicks (7).)
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Table 2

ANALYSIS OF VARIANCE TABLE

Source DF S5 NS 7
Subjects 11 1264 115 6.24 *
Ncise 1 7 ? N.S.
Illumination 1 2981 2981 162 *

SN 11 195 &P N.S.
SI 11 696 63.3 34l
NI 1 12 12 N.S.
SNI 11 91 8.27 N.S.
error 48 881 18.4

Total 95 6127

F9s5, 11, 48 = 20

F.95. 1, 48 = L, o4

(* indicates significance)




CHAPTER 1V
RESULTS AND DISCUSSION

The results of the experiment may be obtained from the
tests of significance as shown in the Analysis of Variance
Table. The purpose of the experiment was to determine the
effects of illumination and noise on performance; therefore,
the illumination term, the noise term, and the illuminatione

noise interaction term snould be examined.,

Illumination Effects
Illumination was found to be the only factor which
produced an effect on performance in the experiment, It
was expected that illumination would have an effect on
performance since past studies nave shown that low light

levels produce decrements in performance.

Noise Effects
The second environmental parameter, noise, was Iound
to have ro effect on the simple motor performance tested
in the experiment. The finding of no noise effects is
compatible with past research., Perhaps some other type of

rnoise such as a random 8ignal would have an adverse effect

on performance.
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Illuminaticn=Noise Interaction

The results of the experiment show that there are no
effects due to the interaction of illumination and noise.
This might be attributed to the lack of any effect due to
noise alone. Or, the illumination level might have been
sufficiently low so that the noise factor would not have
produced a further decrement in performance. There may
be interaction effects at other levels of the two param=-

eters,




CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

The general conclusions which can be stated from the
results of the experiment are that a low level of illumi-
ration will produce a decrement in performance, a constant,
broad=-band, randcm noise will not have an affect on per-
formance, and the interaction of illumination and noise
will not have an effect. These conclusions are limited by
the levels of the parameters which were selected. If dif-
ferent combinations of illumination and noise levels were
used, there might be an interaction effect, Different
kinds of noise also might produce a decrement in perform-
ance.,

Further research in the area of multi-parameter envi=-
ronmental testing should be done to determine the combined
effects on performance of various factors such as temper-
ature, humidity, vibration, and acceleration as well as
noise and illumination., Several levels of these parameters
should be used so that a complete analysis may be made.
Not only should two-factor studies be made, but research

should be extended to include the higher-order combinations

also.




APPENDIX




22

APPENDIX
NUMBER OF COMPONENTS
N N,
Subject I0 I1 IO 11
1 L6 35 bs 38
L6 37 50 38
2 bs 36 ks 39
53 L5 L9 L6
3 59 46 54 L1
67 L6 66 L6
" 39 40 43 31
50 L9 b5 39
5 ub 2k 48 29
59 23 53 30
6 49 30 Ls 29
L6 38 L6 36
7 53 iy 55 Lo
49 42 45 b2
8 48 36 L6 36
48 30 52 L)
9 L 29 47 Lo
L2 37 N L2
10 48 38 48 42
L7 39 50 L2
11 L8 39 50 L6
gL L5 51 39
12 48 40 Lé 34
54 34 56 L2
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