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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-factoi   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 hu^e 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. 

ii 



ACKNOWLEDGMENTS 

The author wishes to thank those persons who have 

contributed to this paper. 

The topic of multi-parameter environmental effects 

on performance was su^^ested by Dr. Paul N, Hale, Jr., 

who also assisted in the design of the experiment.  I 

would like to express my appreciation for the puiriance and 

direction of my advisor, Dr. Newton C. Ellis, both in the 

experimental phase of the project and in the writing of 

the paper. 

My thanks g,o  also to Dr. James Elliott and to Dr. R. 

D. Huchingson for their help in the analysis of the problem. 

111 



CONTENTS 

Chapter Page 

I            INTRODUCTION  1 

General • • • • 1 

Problem. • •••• 2 

Research Hypotheses •  2 

Summary  2 

II    LITERATURE REVIEW  3 

Illumination  3 

Noise  5 

III           METHOD AND ANALYSES  9 

Apparatus « •  9 

Subjects  10 

Procedure  10 

Measures and Analyses  Ik 

IV            RESULTS AND  DISCUSSION  19 

Illumination Effects  19 

Noise Effects  19 

Illumination-Noise Interaction ,  20 

V           CONCLUSIONS AND RECOMMENDATIONS  21 

APPENDIX  22 

REFERENCES  23 

iv 

--      —^^—^^^.^    ■   IM mi | 



wimmmmmmm^^^^*mm^t^tmm 

FIGURES 

Figure Par;e 

1. PEGBOARD AND COMPONENTS    11 

2. PEGBOARD AND COMPONENTS ASSEMBLED   IN  REQUIRED 
PATTERN 12 

3. SUBJECT  PERFORMING THE TASK    13 



wmmm 

TABLES 

Table Pa^e 

1. ERROR MEAN SQUARE TERMS    17 

2. ANALYSIS  OF VARIANCE TABLE    18 

vi 

  



•^•i^OTl 

CHAPTER   I 

INTRODUCTION 

Gerieral 

There has  been     uch  research performed  in  the  area of 

environmental  testing  to determine  the   effects   of  various 

environmental  factors  on human 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 sained 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  th« Army would 

also be aided 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  designs for 

man-machine systems  in addition to a better understand!n^ 

■■  '   -'   -•    ■■■! ■   —  



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- 

eses will be tested arei  1. Illumination has no effect on 

performancei 2. Noise has no effect on performancei 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   II 

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  entablish  these 

levels   include visual acuity,   heart rate,   blink   rate,  mus- 

cular tension,   opinions  and  preferences,   and   the  critical 

level of  illumination,   which  in  described  by Tinker  u5J 

as beins; the  intensity beyond which  there  is  no appreciable 

increase  in the  efficiency  of performance  as  the   illumina- 

tion is  increased.     Equipment used  to  determine  illumina- 

tion levels  includes  optical  systems for measuring: visi- 

bility such as  the  Ludciesh-Moss visibility meter  ( 1 ), 

and the Blackwell  Visual Task Evaluator  (n).     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 

estabiishei by  the  Illuminating Engineering Society which 

* 
Numbers  in parentheses refer to  list of references at 

the end  of the  paper. 
3 



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 (I3)i 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 ( 1^) investigated 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. Af;ain, 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 mi^ht have 

changed since there were no controlled experiments.  Sev- 

eral surveys in this area were taken by Luckiesh 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 (higher) 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. 

The choice of an optimum level of illumination was 

sirplified by tht information found in the IKS 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 0,5 footcandles was selected. 

Noise 

Many references are available on the effects of noise 

on human performancei  however, many of these are contra- 
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believe that when the work environment has been made quiet- 

er, they ou^ht to be able to work faster and so do.  This 

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 environ- 

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 chances 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 noise as the adverse level.  Although 

it has been shown by Fornwalt ( 5 ) that noise of random 

periodicity and by Broadbent ( 7. ) that noise of high fre- 

quency are more detri.nental in their effect on performance, 

it was decided to use constant, broad-band, random (white) 

noise to present a more uniform, more easily controllable 

noir-e 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 npeci- 

fied maximum f20,000 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 spectrunu 

The experiment for which these values of noise and il- 

lumination were required is discussed in Chapter III. 

- 



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 üosnen 

Luna-Pro light meter was used to measure trie illumination. 

A General Radio random-noise generator (Type 11Q0-B) 

was used to obtain the adverse noise level.  The output 

of the generator was amplified by a Kdntosh amplifier 

(Model 2U0)  which was connected to a Knir.ht loudspeaker. 

Sound level readings were made with a General Kadio Type 

1551-C Sound Level Meter, 

The task used in the experiment was the Purdue Tont of 

Manual Dexterity, which is a board containing two columns 

9 
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of equally-spaced holes into which a peR, 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, intelligence 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 p;roup of male 

graduate students. Subjects enter into the experimental 

model as one of the fixed factors. 

Procedure 

The experiment consisted of having the subjects ppr- 

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 combinationsi 

1. I0N0 3. ^ N0 

2. I0N1 4. ^ N1 

wherei IQ is 100 footcandlesj I. is 0,5 footcandles; NQ  is 

55 decibels» and N. is 95 decibels. 

Subjects were seated at the table on which the pe^board, 

loudspeaker, and a signal light were placed (see Fip;. 3). 
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Noise and illumination levels were adjusted at the begin- 

ning of each run.  The subjects were Riven a sufficient 

amount of time to practice the task and establish a pat- 

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 column 

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! 

———.^__. 
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Xijk = /^ S, + N. + 1, + SN.. + SIik + NI., + SNlijk 

+ £m(i3k) 

which includes the interactions of replications and treat- 

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

X. ., is the observation! 

// is the common effect for the whole experiment» 

S. is the effect due to subjects» 

N. is the effect due to noise» 
J 

I. is the effect due to illumination» 

SN. . is the effect of the subject-noiso interaction» 

SI., is the effect of the subject-illumination inter- 

action» 

NI .. is the effect of the noise-illumination interac- JK 

tion» 

SMI... is the effect of the subject-noise-illumination 
1 JK 

interaction» and 

€~( i i^\   is the error term. 

The hypotheses to be tested are«  H i N . = 0» H2« I, = 0» 

and Hoi NX.. = 0, These hypotheses are used to represent the 

assumptions that noise, illumination, and the interaction 

between noise and illumination have no effect on perform- 

ance. 

The independent variables in this experiment were noise 

and illumination.  The dependent variable was the number of 

correctly placed components. 

The data recorded during the experiment were analyzed 

using the methods outlined by Hicks (7) for a two-factor 

—-k ■ ■■! 
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experiment in a randomized block design.  Error mean square 

terms were calculated (Table l) 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 

significanco level.  The results of the experiment will be 

discussed in Chapter IV. 
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Table 1 

ERROR MEAN SQUARE TERMS 

12 2 2 2 

F F F R 

Model i .1 k m E M s 

Si 0 2 2 2 0-2 
c + 8cr2 

N . 12 0 2 2 (r2 
e 

+ w^n 

shs 0 0 2 2 -2
e 

+ 
^on 

h 12 2 0 2 cr2 
c 

+ ^8C-2. 
1 

sh* 0 2 0 2 °-2e + 
^ci 

»'■* 
12 0 0 2 *2e + 2'*-2nl 

SNIijk 
0 0 0 2 

^e 
+ 

^sni 

feiTv(ijk) 1 1 1 1 ^e 

Testsi      Test all terms against error term. 

(Note»  The EMS Table was developed accordinp; to the 

methods outlined by Hicks (7).) 
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Table 2 

ANALYSIS OF  VARIANCE TABLE 

Source DF SS MS V 

Subjects 11 1264 115 6.24 * 

Ncise 1 7 7 N.S. 

Illumination 1 2981 2981 162* 

SN 11 195 17.7 N.S. 

SI 11 696 63.3 3.44 * 

NX 1 12 12 N.S. 

SNI 11 91 8.2? N.S. 

error US 881 18.4 

Total 95 612? 

F.95.  11. M ■ 2-0 

F.95.  1. U8 ' ^ 

(♦ indicates significance) 



CHAPTER IV 

RESULTS AND DISCUSSION 

The results of the experiment may be obtained from the 

tests of significance as shown in the Analysis of Variance 

Tablet 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 illumination- 

noise interaction term should 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 li^ht 

levels produce decrements in performance. 

Noise Effects 

The second environmental parameter, noise, was found 

to have no effect on the simple motor performance tented 

in the experiment.  The finding of no noise effects is 

compatible with past research. Perhaps some other type of 

noise such as a random signal would have an adverse effect 

on performance, 

19 
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Illumination-Noise Interaction 

The results of the experiment show that there are no 

effects due to the interaction of illumination and noiset 

This might be attributed to the lack of any effect due to 

noise alonet 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. 
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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- 

nation will produce a decrement in performance, a constant, 

broad-band, randcm noise will not have an effect 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 mane. 

Not only should two-factor studies be made, but research 

should be extended to include the higher-order combinations 

also. 

21 
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APPENDIX 



Subject 

3 

k 

5 

6 

7 

8 

9 

10 

11 

12 

APPENDIX 

NUMBER OF COMPONENTS 

N, 0 
N, 1 

^ h l0 h 

46 
U6 

35 
37 

45 
50 

38 
38 

45 
53 

36 
45 

45 
49 

39 
46 

59 
67 

46 
46 

54 
66 

41 
46 

39 
50 

40 
49 

43 
45 

31 
3Q 

46 
59 

24 
23 

48 
53 

29 
30 

49 
46 

30 
38 

45 
46 

29 
36 

53 
49 

44 
42 

55 
45 

40 
42 

48 
48 

36 
30 

46 
52 

36 
41 

41 
42 

29 
37 

47 
44 

40 
42 

48 
47 

38 
39 

48 
50 

42 
42 

48 
51 

35 
45 

50 
51 

46 
39 

48 
54 

40 
34 

46 
56 

34 
42 
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