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CHAPTER I 

INTRODUCTION 

Background Information 

The ear is an amazing organ. As Von Bekesy [9] 

states: 

Consider the accomplishments of the ear. It is 
so sensitive that it can almost hear the random 
rain of air molecules bouncing against the ear
drum. Yet in spite of its extraordinary sensi
tivity the ear can withstand the pounding of 
sound waves strong enough to set the body 
vibrating. The ear is equipped, moreover, with 
a truly impressive selectivity. In a room crowded 
with people talking, it can suppress most of the 
noise and concentrate on one speaker. From the 
blended sounds of a symphony orchestra the ear 
of the conductor can single out the one instru
ment that is not performing to his satisfaction. 

The ear is the least sensitive to low frequencies. 

The sensitivity of the ear at a pure tone frequency of 100 

cycles per second (cps) is 1,000 times lower than at a 

frequency of 1,000 cps. If the ear were slightly more 

sensitive to low frequencies, we could hear the vibrations 

of our muscles and bones [9]. The low sensitivity at low 

frequency may also be beneficial in an industrial sense, 

since noise control procedures are less effective in 

suppressing lower frequencies [2]. 

The inner workings of the ear are not simple and 

not all is understood even today [9]. Sound waves passing 
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through the auditory canal of the outer ear start the 

tympanic membrane vibrating. This vibration is transmitted 

through the hammer, anvil, and stirrup (ossicles) of the 

middle ear to the fluid of the inner ear. The varying 

pressure of the fluid causes the basilar membrane to 

vibrate which in turn transmits the stimulus to the organ 

of corti (in the cochlea) which contains the auditory nerve 

endings. From here the message is transmitted through the 

auditory nerve to the cochlear nucleus, olivary nucleus, 

inferior colliculus, and auditory cortex in that order [ 9 ] , 

[11]. Interpretation of the message takes place in the 

auditory cortex, but interpretation at the lower levels of 

the central nervous system has not been ruled out [9]. 

Thus through the above process a person hears and interprets 

sound. 

The frequencies that are audible to the normal ear 

are 20 cps to 20,000 cps [12]. The intensities that are 
2 

audible are from zero decibel [.0002 dynes / (centimeter) ] 

to the intensity where the ear is destroyed (this can vary 

considerably). The threshold of pain is at 130 decibels 

(db), but ear damage can occur as low as 81 db, depending 

on the noise. Usually an intermittent noise of short dura

tion will have the most damaging effects [ 6 ] . Table I shows 

various exposure intensities [15]. It should be noted that 

speech has a frequency range from 100 cps to 7,500 cps and 

an intensity range from 30 db to 78 db. Music has a 



frequency range of 40 cps to 9,500 cps and an intensity 

range from 30 db to 100 db [15]. 

/ 

TABLE 1 

NOISE LEVELS 

Source of Noi se Intensi ty (db) 

Anechoic Room 

Country House 

Average Residence 

Quiet Residential Street 

Average Office 

Background Music 

Conversation (Three feet away) 

Loud music 

Average Factory 

Heavy Street Traffic 

Heavy Truck (90 feet away) 

Thunder 

F-84 Take-off (80 feet away) 

8 

30 

45 

55 

58 

60 

65 

70 

75 

85 

98 

108 

134 

Noise, defined as any unwanted sound, has been an 

industrial concern since 1880 when the deleterious effect of 

railroad noise upon hearing was noted [6]. There are 

numerous noise variables. Noise may be intermittent or 

continuous; it may be white noise, multi-frequency noise, 

or single frequency noise. And of course, two other impor

tant variables of any noise are intensity and duration. 

Music, too, is noise if it is considered by the listener 

to be an unwanted sound. 



Numerous experiments have been accomplished with 

the above noise variables with results ranging from benefi

cial to deleterious effects. However, extensive research 

has shown no experimentation where the results of various 

noise effects on reaction time are compared to sensorimotor 

performance. This experimentation dealt with noise effects 

on reaction time or sensorimotor but not both. 

A recent experiment by Reiter [14] showed benefi

cial effects of noise on reaction time. Using a range of 

noise intensity from none (a negative reading in micro

volts) to three microvolts (yV) Reiter found that the best 

reaction time was zero yV (noise levels measured in micro

volts by audio oscillator). He concluded that noise may 

increase efficiency by using the optimal noise level. A 

continuous white noise was used. 

Watkins [16] using continuous and periodic white 

noise found noise beneficial in the identification of 

lights. He concluded that acoustic stimuli could function 

to improve visual detection. 

Fornwalt [5] using random and periodic multi-

frequency noise (20 - 3,000 cps) at intensities of 70 db, 

82 db, and 94 db found that random noise had the most 

deleterious effect on a sensorimotor task. Noise inten

sity as a main effect, however, was not significant. 

Medeiros [10] in a light-sound interaction effect 

on reaction time experiment using continuous white noise 



intensities at ambient, 72 db, and 90 db found noise to be 

significant and the best reaction time to be at 72 db. The 

light-noise interaction was also significant and the data 

indicated that high intensity noise has a facilitating 

effect on reaction time at higher intensities of light. 

Purpose and Scope 

The purpose of this experiment was to determine the 

effects of various noise variables on reaction time and on 

sensorimotor performance. The purpose was also to deter

mine if the effects on reaction time were related at all 

to the effects on sensorimotor performance; i.e., if a 

particular level of a noise variable was found to be the 

most beneficial (deleterious) for reaction time, was this 

level the same for sensorimotor performance. The indepen

dent variables used were as follows: 

1 . Noise type 

2. Frequency 

3. Intensity 

4. Subjects 

The levels of the independent variables were as 

follows: 

1. The three noise types used were continuous, 

periodic, and random normal. 

2. The frequencies used were 80, 120, 160, 200, 

and 240 cps. 



3. The levels of intensity were 70 and 80 db. 

4. Subjects were used as replications. Each of 

the ten subjects were exposed twice to the 30 

combinations of noise type, frequency, and 

intensity (once for the reaction time 

measurements and once for the sensorimotor 

performance). 

The dependent variables were as follows: 

1. For reaction time the dependent variable was 

the time elapsed (measured in milliseconds) 

between the initiation of the stimulus and 

the initiation of the subject's reaction. 

2. Three dependent variables were used for the 

sensorimotor performance and were identical 

to Fornwalt's [5]. 

a. Total number of errors per trial 

b. Total number of responses per trial 

c. Latency 

These three dependent variables cannot be explained without 

delving into the task performed. The details of the task 

and these variables will be discussed in Chapter Two. 

The scope of this experiment was to evaluate the 

dependent variables by analyses-of-variance (ANOVA) in 

order to determine the effects of the independent variables 

on reaction time and on sensorimotor performance. Also 

included was an evaluation of the results of the effects 



for both reaction time and sensorimotor performance to 

determine if there was any relationship between the two 

sets of results. 

Defini tions 

The following definitions apply to this experiment 

1. White Noise - Sound composed of frequencies 

covering the major part of the sound spectrum 

is white noise [12]. No one frequency is 

predominant or discernible. If one~frequency 

or several frequencies are predominant it is 

called coloured noise. White noise is also 

called broad-band noise. 

2. Frequency - This term can be described as the 

tone of a sound [12]. A pure tone can be 

represented as a sine wave. Complex tones are 

a mixture of superimposed sine waves.''' Only 

pure tone noise was used in this experiment. 

The subjective definition of frequency is 

pitch. 

3. Intensity - This is the amplitude of the sine 

wave [12]. Sound can be defined in terms of 

amplitude (intensity) and frequency (tone). 

The subjective definition of intensity is 

loudness. 

4. Noise Type - Three noise types were used in 
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the experiment: 

a. Continuous Noise - Noise without pause or 

interruption is continuous. 

b. Periodic Noise - This is noise presented 

intermittently at constant intervals and 

with a constant duration. Experimentally 

the noise was presented at constant inter

vals of five seconds with a duration of 

two seconds. 

c. Random Normal Noise - This is noise 

occurring at random intervals within a 

normal distribution. The duration is 

constant. The experimental noise was 

presented at random intervals, ranging 

from one to eleven seconds about a mean 

of six seconds. A constant duration of 

two seconds was used. 

Sensorimotor Task - This is a task requiring 

coordination of the limbs of the body or of 

the entire body with one or more of the senses. 

Reaction Time - The time elapsed between ini

tiation of a stimulus and the initiation of 

the subject's reaction is reaction time. 

Summary 

The results of the studies of the effects of various 



noise variables on reaction time and sensorimotor perfor

mance have been varied. 

This research considered basically the effects.of 

three noise variables on both reaction time and sensori

motor performance. The variables consisted of single 

frequency noise at five different levels, three types of 

noise (two intermittent and one continuous), and intensity 

at two levels. All of the above variables probably have 

been used at one time or another in experimentation with 

reaction time and sensorimotor performance. However, this 

research was unique in that the same noise variables were 

used for both reaction time and sensorimotor performance. 

The following chapters include the details of the sensori

motor task and reaction time set-up, the experimental 

design, and the results of the experimentation. 



CHAPTER II 

EXPERIMENTAL TASK AND EQUIPMENT 

The first section of this chapter includes a 

description of the tasks performed and the workplace. The 

second and last section discusses the measurements and 

equipment used. 

Tasks 

Tasks and Workplace 

The task used to measure reaction time was similar 

to the one used by Medeiros [10]; he used two different 

light intensity stimuli, whereas in this experiment only 

a 7.5 watt white lamp was used as the stimulus. The sub

ject was seated with his index finger depressing a button 

(subject's button will be called "task" button henceforth) 

and observing the stimulus light. Both the task button 

and stimulus light were mounted in a small flat box posi

tioned directly in front of the subject. When the light 

was illuminated, the subject released the task button. 

Thus the task for the measurement of reaction time was 

simply the observation of the stimulus light while depres

sing a button, and the release of this button when the 

stimulus was received. 

The experimenter sat behind the subject with a 

10 
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noiseless control button which started the time counter and 

stimulus light simultaneously. When the stimulus light.was 

turned on, the subject released the depressed task-button 

thus breaking the timing circuit causing the counter to stop. 

As soon as the experimenter released the control button 

the light went out and the subject again depressed the task 

button; thus the above cycle could take pTace again. 

The duration of each trial was five minutes (timed 

by a stopwatch). A trial was one combination of the inde

pendent variables: noise type, intensity, and frequency. 

Thus, during each five minute trial the subject was 

exposed to a single combination of the noise variables. 

Since there were 30 combinations of noise type, intensity, 

and frequency, each subject had 30 trials. 

During the trial the light stimuli were presented 

to the subjects at random intervals ranging from four to 

sixteen seconds. The light stimulus was presented an 

average of 35 times during the five minutes. The reaction 

times were averaged for the five minutes giving a single 

reaction time for that trial or combination of factors. 

The time counter was accumulative thus a reading was not 

required after each presentation of the stimulus. Although 

individual readings were not required, each reaction time 

could be observed and an exceptionally short or long re

action time could be noted. The variance of the various 

reaction times in a trial was not a measured variable. 
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however. 

The task button and stimulus light were placed on 

the sensorimotor task console in order to keep general illu 

mination constant for both reaction time and sensorimotor 

performance. Figure 1 shows the reaction time apparatus 

used. 

The sensorimotor task device was constructed by 

Fornwalt [ 5 ] . 

The task 
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^^'9. 1--View Of Reaction ti 
me equipment 
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the same position in the light array. The switch corre
sponding to the light which was on at any given time was 
the only switch with which a correct response could be 
made. If a subject pressed any switch other than the 
one corresponding to the light which was on, a "wrong 
switch" error was recorded. 

Including both the sensorimotor factor and the 
decision factor, a correct response consisted of 
pressing the switch corresponding to the light which 
was on as the moving needle on the instrument dial 
passed under the hairline within the established 
accuracy limits, +_ 2 degrees. 

The complete operation of the equipment is now 
described from the subject's point of view. If a 
correct response was made, the needle on the instru
ment dial stopped for a period of one second, during 
which the light which had been burning went off and 
another light in the array came on. The needle, which 
had been stopped under the hairline, then began to 
move, and as it passed out of sight on the right side 
of the dial, another needle appeared on the left side 
of the dial. The subject then had to press the switch 
corresponding to the new light as the needle passed 
under the hairline. If the subject committed an 
error of either type, the needle continued to move, 
and the light which was burning continued to burn. 
The same was true if no response (no switch was 
pressed) was made. 

A total of three seconds elapsed between the 
time of a correct response and the time when the 
needle was again in position for another correct 
response. However, only two seconds elapsed from 
the time of an error response and the time the needle 
was again in position for another correct response, 
the same being true in the case of no response. 

The sequence in which the lights changed after 
a correct response was randomized so that the subject 
could not anticipate which light would come on next. 

Fornwalt's device was modified in that his decision 

factor was eliminated and only the sensorimotor portion was 

used, i.e. the random lights were omitted and only one light 

was used. It should be noted, however, that there still is 

a decision factor in the sensorimotor performance; the 

subject still must decide when to push the button. The per-
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f o r m a n c e of the n e e d l e was n o t c h a n g e d by the m o d i f i c a t i o n . 

A trial for this task was also for f i v e m i n u t e s and 

a trial w a s one c o m b i n a t i o n of the n o i s e v a r i a b l e s : N o i s e 

t y p e , f r e q u e n c y , and i n t e n s i t y . F i g u r e 2 s h o w s the s e n s o r i 

m o t o r task d e v i c e ( c o n s o l e ) and a s s o c i a t e d e q u i p m e n t . 

W o r k p l a c e 

The e x p e r i m e n t w a s c o n d u c t e d in R o o m 204 of the 

I n d u s t r i a l E n g i n e e r i n g B u i l d i n g , T e x a s T e c h n o l o g i c a l C o l l e g e 

The room was a i r - c o n d i t i o n e d ; t h e r e f o r e , t e m p e r a t u r e and 

h u m i d i t y w e r e c o n s t a n t . The g e n e r a l b a c k g r o u n d n o i s e level 

of the r o o m w a s 61 d b . T h r e e r e a d i n g s of g e n e r a l i l l u m i n a 

tion w e r e taken and are as f o l l o w s : 

1. M e t e r p l a c e d on c o n s o l e w i t h o u t s u b j e c t s e a t e d - -

60 f o o t c a n d l e s . 

2. M e t e r p l a c e d on c o n s o l e w i t h s u b j e c t s e a t e d - -

55 f o o t c a n d l e s . 

3. M e t e r p l a c e d on the s l o p i n g f r o n t of the c o n s o l e 

w i t h and w i t h o u t s u b j e c t s e a t e d - - 5 0 f o o t c a n d l e s . 

E q u i p m e n t and M e a s u r e m e n t s 

Equi p m e n t 

Each s u b j e c t used an a d j u s t a b l e c h a i r . The c h a i r 

h e i g h t w a s c o n s t a n t for e a c h s u b j e c t t h r o u g h o u t the r e a c t i o n 

time and s e n s o r i m o t o r t r i a l s . A s o u n d d a m p e n i n g box was 

c o n s t r u c t e d to h o u s e the t r a n s f o r m e r , f a n , and g r a p h i c 
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Fig. 2--View of sensorimotor task device 
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recorder used with the sensorimotor task device. The noise 

generated by the fan and graphic recorder increased the 

general noise level of the room to 68 db. By placing these 

items in the box the noise level was reduced to the general 

background noise level of 61 db. Figures 3 and 4 show the 

sound dampening box. The speaker enclosure was 33.5 inches 

from the console and was sitting on a table 27.75 inches 

high. These two measurements were constant throughout the 

experiment. The five frequencies were recorded from an 

oscillator. The intensities, 70 and 80 db, were set at a 

distance of 33.5 inches from the speaker enclosure and at 

various heights (from the working surface of the console 

to approximately two feet above this surface). A change 

in height did not appreciably change the intensity reading. 

The intensities were set for all combinations of five 

frequencies and three noise types using a sound survey 

meter. The following is a listing of all the equipment 

used in the experiment. 

1. Task Equipment 

a. Reaction Time 

(1) Millisecond Electronic Counter 

(2) Stimulus Light (7.5 watt) 

(3) Adjustable Chair 

(4) Table (console) 

(5) Task Button (subject) 
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Fig. 3--Sound dampening box interior 

Pig. 4--Sound dampening box with lid closed 
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(6) Control Button (experimenter) 

b. Sensorimotor Performance 

(1) Fornwalt's Task Device (console) 

(2) Adjustable Chair 

(3) Brush Graphic Recorder, Model BL-902A 

(4) Sound Dampening Box 

(5) 22 Volt Transformer and Fan 

2. Audio Equipment 

a. Tandberg Tape Recorder, Model 64 

b. HP Wide Range Oscillator, Model 200CD 

c. General Radio Sound Survey Meter, Type 

1555-A 

d. Wolverine Model 2S-12, Eight Ohm, 12 inch 

speaker and Enclosure 

e. Mcintosh 30 Watt Audio Amplifier 

f. Audiometer (Speech Department, Texas 

Technological College) 

3. General Equipment 

a. Brenet Stopwatch 

b. 60-NS Footcandle Meter, Model 614 

Measurements 

Four measured variables were used in this experiment 

The measured variable for the reaction time task was, of 

course, reaction time. This was the time elapsed between 

the initiation of the stimulus light and the subject's 
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release of the task button. The time was measured in milli

seconds. All the readings for one trial of five miautes 

were averaged to give only one reaction time per trial. 

Figure 5 shows the reaction time apparatus and timing 

equipment. 

Three dependent variables were used for the sensori

motor task and were identical to Fornwalt^s [5]. They were 

as follows: 

1. Total number of errors per trial 
\ 

2. Total number of responses per trial 

3. Latency 
/ 

Latency score = 
A-. X E.E. + B. X C.R. + C. x L.E. 

E.E. + C.R. + L.E. 

where A. = number of early accuracy errors. 

B. = number of correct responses. 

C. = number of late accuracy errors. 

E.E. = number of early errors per trial per 
subject 

C.R. = number of correct responses per trial 
per subject. 

L.E. = number of late errors per trial per 
subject. 

Total responses per trial were a measurement of 

accuracy also. The total number of responses per trial 

equals E.E. plus C.R. plus L.E. The more errors a subject 

committed (either early or late) the more responses he 

could make in a five minute period, since the needle did not 
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Fig. 5--Reaction time apparatus 
and timing equipment 
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stop for an incorrect response. Conversely, a small number 

of total responses indicated a good performance since the 

needle stopped for one second for each correct response. If 

a subject allowed the needle to pass without a try it was 

considered a late error; however, this did not happen 

frequently. Thus, if a subject made no correct responses, 

he could make 150 total responses. If the subject made all 

correct responses he could make only 100 total responses. 

Figure 6 shows the late error, early error, no attempt, and 

correct response as recorded on the graphic recorder. How 

sensitive the measured variable, total responses, is as an 

indicator of performance will be discussed further in 

Chapter IV. The independent variables, the statistical 

design, and the experimental procedure are discussed in 

the next chapter. 
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Fig. 6--Example of tape from graphic recorder 
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CHAPTER III 

EXPERIMENTAL DESIGN 

This chapter includes a discussion of the independent 

variables, the statistical design,and the experimental pro

cedure. Definitions of the terms used can be found in 

Chapter I. 

Selection of Variables 

The dependent variables were reaction time, total 

errors, total responses, and latency as discussed in 

Chapter II. 

The independent variables were noise type, frequency, 

intensity, and replications. 

Noise Type 

Noise can take a number of forms and in the industrial 

situation can be categorized as follows [ 5 ] : 

1. Continuous 

2. Constant duration with interval varying about a 

mean 

3. Constant duration and constant interval 

4. Constant interval with duration varying about 

a mean 

5. Both the interval and duration varying about a 

mean 
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The first three noise types above were used in this 

experiment. These three seemed to be an ample representation 

and were identical to Fornwalt's [5] which would allow a com

parison of results. The following is a description of the 

noise types used: 

1. Continuous noise - self explanatory 

2. Periodic noise - this noise had a constant dura

tion of two seconds with equal intervals of five 

seconds. 

3. Random normal noise - duration of this noise 

type was two seconds with the interval varying 

from one to eleven seconds about a mean of six 

seconds . 

Frequency 

Although there are few noises of pure frequency [ 8 ] , 

many noises have a predominant frequency or several pre

dominant frequencies [12]. Murrel states [12]: 

When a sound is made up of frequencies covering a major 
part of the sound spectrum, it is usually called 'white' 
or broad-band noise. In many instances sound of one 
wavelength or a group of wavelengths may predominate, 
in which case, to use the same analogy, the noise might 
be said to be slightly coloured. 

Murrel further states [12]: 

A broad-band noise will very rarely be made up of 
equal intensities in all the frequency bands, that is 
the noise will rarely be truly 'white'. 

In order to deal with a complex noise, the noise must be 

analyzed in order to determine the intensity of each frequency 
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or frequency band, such as octaves as shown in Figure 7. Since 

complex noises may have a predominant frequency, single fre

quencies were used in the experiment. The experimenter was 

interested in the effects of various frequencies as opposed 

to white noise or multi-frequency (complex) noise. Whether 

or not the predominant frequency may determine the overall 

effects of a complex noise is not known; however, this 

could be the case. Using single frequencies furthermore 

eliminated the possibility of masking which is the opposite 

of the analysis shown in Figure 7 [8], i.e. it is the blending 

of frequencies into one noise. The five frequencies used 

were equispaced. The levels were 80, 120, 160, 200, and 

240 cps. These are relatively low frequencies. However, an 

industrial worker is most likely to be exposed to low fre

quencies since noise control procedures are less effective 

in suppressing the lower frequencies [2]. Each single fre

quency above was recorded as the three noise types: contin

uous, random normal, and periodic. Frequencies lower than 

80 cps were not used for two reasons: 

1. It is most difficult to find a speaker that 

will withstand the power required to boost 

40 cps to an intensity of 80 db. 

2. Frequencies below 70 cps are more vibrations 

than audible sounds [8]. Since this experiment 

dealt with the effects of noise variables, it 

was felt that the study of the effects of noise-
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vibration should be left for other experimentation 

Intensity 

Two levels of noise intensity were used. The upper 

intensity level (80 db) was determined by the intensity at 

which ear damage may occur. Generally, the lower the fre

quency the higher the intensity of that frequency can be 

without incurring ear damage. Figure 8 shows the relation

ship of frequency and intensity in terms of ear damage. 

Since all five frequencies were to be played at the same 

intensities, the frequency of 240 cps was the limiting 

frequency. It should be noted in Figure 8 that the damage 

risk level curve is approaching 80 db at 240 cps. The 

damage risk curve relates to exposure eight hours a day 

for a five day week, for a working lifetime [12]. It is 

also based on retrospective studies. Although Figure 8 

was used in determining the upper intensity level there 

still seems to be no one damage risk curve acceptable by 

all. All data collected thus far has been retrospective. 

Experimentation in this area has not been conducted for 

obvious reasons. The lower level of 70 db was used since 

the general background noise was at 61 db. The 70 db level 

was considered high enough above the 61 db level for 

subjective reaction. 

Subjects 

Subjects were used as replications. All ten subjects 
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used were male college students. Their ages ranged from 26 

to 34. No special restrictions were placed on subjects 

except that they all be male and have normal hearing. None 

of the subjects had any significant physical handicaps. 

Subjects were used as blocks in randomized block design. 

All the interactions involving subjects were used to provide 

an error term so that the main effects and other inter

actions could be tested for significance. 

Statistical Design 

The experiment was designed as a factorial experi

ment in a randomized block design with replications as 

blocks [7]. The analysis-of-variance (ANOVA) procedure 

was used in evaluating the data. All interactions of 

replications were lumped together for the error term. 

Table 2 shows the factors used and their levels. The 

model of the experiment was: 

Xjkim -^ * \ ' 'j* h ' 'ih ' ^^ 

where: X.., = dependent variable for the j, k, 1, 

m levels of the respective treat

ments . 

y = common effect for the experiment. 

R = effect of subjects, 
m 

F. = effect of frequency. 
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I. = effect of intensity. 

N, = effect of noise type. 

E,-n„ = error term. J klm 

All other terms = effects of the interactions 

TABLE 2 

FACTORS AND THEIR LEVELS FOR BOTH TASKS 

Factor Symbol Type Level Level Code 

Intensity I Fixed 70 db 1 

80 db 2 

Type Noise N Fixed ^Periodic 1 

^Random Normal 2 

Continuous 3 

Frequency F Fixed 80 cps 1 

120 cps 2 

160 cps 3 

200 cps 4 

240 cps 5 

Subjects R Random #1 1 

#2 2 

#3 3 

#4 4 

#5 5 

#6 6 

#7 7 

#8 8 

#9 9 

#10 10 
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It was assumed that there was no interaction between 

blocks and treatments. All such interactions were confounded 

in the error term [7]. Thus the design was a randomized 

block design with thirty combinations of factor levels with 

the ten replications (subjects) used as blocks. This design 

allowed all the main effects and the interactions between 

intensity, frequency, and noise type to be tested. The 

expected mean square (EMS) for each main factor is shown 

in Table 3 before subject interactions are confounded in 

error term. Table 4 shows the EMS for each main factor 

after confounding. Figure 9 shows the block diagram of 

the experiment. 

Table 4 indicates how the numerators and denomina

tors were obtained for the F-ratio tests. For the main 

effects the F-ratio was composed of the mean square of that 

effect as the numerator and the error mean square as the 

denominator. For the interactions of intensity, frequency, 

and noise type the mean square of the effect was the numera

tor and the error mean square was the denominator. As 

stated previously there was no test for subject interactions 

since they are confounded in the error term. 

The analysis-of-variance was accomplished with the 

7040 computer at Texas Technological College using the 

previously taped (ANOVA) program. Four univariate analyses 

of variance were accomplished for each of the dependent 

variables. 
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TABLE 4 

ESTIMATED MEAN SQUARE (EMS) 
TABLE AFTER CONFOUNDING 

Degrees of 
Source Freedom EMS 

" m 

'i 

h 
'ih 
"l 

"^j^l 

'k^l 

•^j'k^l 

^jkl 

9 al + 30a2 

e F 
1 ai + 150a2 

e I 
4 al + 30a2j 
2 ol + lOOag 

e N 
8 al + 20a2^ 
2 ol + 50af^ 

8 al . lOa^j^ 

261 al 

Total 299 

Experimental Procedure 

Prior to any experimentation all ten subjects were 

given a hearing test conducted by the Speech Department, 

Texas Technological College. The test was conducted at an 

intensity of 15 db and at frequencies ranging up to 8,000 

cps. All subjects had normal hearing. Each subject was 

exposed to the 30 combinations of intensity, frequency, and 

noise type while performing the two tasks. 'The 30 combina

tions were completely randomized and each subject was pre-
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sented a different set of randomized combinations. Since 

the procedure differed somewhat between tasks the experi

mental procedure for each task will be discussed in turn. 

Reaction Time 

Each subject upon entry into the room was seated. 

The reaction time task was explained to him and a five 

minute familiarization session was conducted. The subject 

was instructed to use his index finger and not to change 

fingers during the experiment. The subject was informed 

that while he performed the task noise would be played 

through the speaker placed behind him. He was also 

instructed that he would be told when the five minute 

trial started and when the trial stopped. Ten trials were 

conducted at each one and one half hour session. A one to 

two minute set-up time was required between each trial 

during which the subject could relax. A five minute break 

was taken at the end of five trials. 

Sensorimotor Performance 

Each subject upon entry into the room was seated. 

The task was explained and he was instructed to use only 

his index finger throughout the experiment. The subject 

was informed that while he performed the task noise would 

be played through the speaker placed behind him. The 

subject was also told to attempt to stop each needle since 

if he allowed a needle to pass, it would be considered an 
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error. Each subject was then given a one hour practice 

session to minimize learning. After the practice session, 

trials were conducted as with reaction time with the 

exception that prior to each session a two minute 

familiarization period was conducted. 

A trial for both tasks was five minutes. It was 

felt that this was a long enough time for the noise to 

have an effect, yet not a long enough time to induce 

fatigue. All sessions were conducted between the hours 

of 8:00 A.M. and 6:00 P.M. The next chapter discusses 

the findings of the analysis-of-variance. 



CHAPTER IV 

RESULTS AND DISCUSSION 

The significant main effects and interactions at 

the one and five percent significance levels are shown in 

Table 5. Detailed ANOVA results are shown in Appendix A. 

The graphs of the non-significant main effect, intensity, 

are in Appendix B. Appendix C gives the means of the 

significant main effects and interactions. 

The significant effects for reaction time will be 

discussed in the first section of this chapter. In the 

second section, the significant effects for sensorimotor 

performance will be discussed. A comparison of the effects 

on reaction time and sensorimotor performance can be found 

in the last section. In this last section the trends of 

several non-significant factors will be discussed since 

the only significant effect for both reaction time and 

sensorimotor performance was subjects. 

Significant Effects--Reaction Time 

Subjects 

This main effect was highly significant, i.e. the 

subjects had significantly different reaction times. This 

result may be expected. Although human beings are similar, 
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they may not be identical in every respect. This experiment 

seems to demonstrate one of the differences. This main 

effect for both reaction time and sensorimotor performance 

will be discussed further in the last section of this 

chapter. 

Noise Type 

The three noise types: periodic, random normal, 

and continuous were also highly significant for reaction 

time. The random normal noise was the most deleterious; 

however, the Duncan Multiple Range Test [7] shown in 

Figure 10, indicates that the periodic noise was not 

significantly different from the random normal. In 

Figure 10 the mean values are arranged in order with the 

lowest value on the left. The means not significantly 

different are underlined. 

Noise Type: 1 

Fig. 10--Duncan Multiple Range Test on noise 
type means for reaction time 

Figure 10 also shows that the mean of noise type 3, con

tinuous noise, was significantly different from each of the 

means of the other noise types. Figure 11 shows graphically 

that the continuous noise was the least deleterious. This 

result is in agreement with McCormick [8] and Murrell [12]; 

both state that intermittent noise usually has more dele

terious effects than continuous noise. 
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It was observed in the experiment that during the 

occurrence of random normal and periodic noise that several 

subjects seemed to substitute the noise for the occurrence of 

the light stimulus. Two different phenomena were apparent in 

that the subjects reacted in two different ways. First, with< 

out the light stimulus on, the subject would release the task 

button at the occurrence of the noise. No reaction time 

could be measured when this occurred. Due to the equipment 

set-up, reaction time could be measured only when the stimu

lus light was on. Secondly, during the interval between 

noise occurrence, the subject would not release the task 

button immediately when the light stimulus came on. The 

subject seemed to be waiting for the noise. One subject 

hesitated for eiqht-tenths of a second and stated after 

that trial that he was in fact waiting for the noise. It 

should be noted that eight-tenths of a second is a con

siderably long time compared to the means plotted in Figure 

11. Two other phenomena were also observed by the experi

menter. First when the light stimulus and noise occurred 

simultaneously the reaction time was usually quite short. 

This short reaction time, however, seemed to occur only 

when the light stimulus occurred in the first second or at 

the initiation of noise (noise duration was for two seconds). 

The noise seemed to reinforce the light stimulus causing 

shorter reaction times. The second phenomenon was related 



44 

to the first. If the light stimulus occurred during the 

second second of noise or at the instant of cessation of 

noise the subject seemed to hesitate slightly before re

leasing the task button. There could be two reasons for 

this hesitation during the second second. 

1. The subject may have completely disassociated 

the noise and light stimulus. The subject 

knows he must not react to the noise and must 

react only to the light. Thus when they 

occur together he hesitates. 

2. The reinforcing (startle effect) may occur 

only in the first second of noise. 

The hesitation at the cessation of noise could be 

caused again by substitution of the noise for the light. 

The noise stopping may mean to the subject the light is 

out. When the light occurs at this instant the subject 

must reorientate himself and thus he hesitates. The longest 

reaction time at the cessation of noise was six-tenths of 

a second. The four phenomena occurred periodically during 

the periodic and random normal noise and seemed to occur 

at all levels of frequencies and at both intensities. The 

fact that none of the interactions between noise type, 

frequency, and intensity were significant supports this con

jecture. Of course, none of the above phenomena occurred 

during the continuous noise. 
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Several of the aspects of the above observation should 

be discussed further: 

1. The observance of the above phenomena was quite 

informal. No formal record was compiled to 

substantiate these phenomena. These observa

tions were not a planned part of the experiment 

and the observance occurred only because the 

phenomena themselves stood out. 

2. The presentation of the light stimulus was 

independent of the occurrence of the noise. 

Whether the light stimulus and noise occurred 

together or not was governed by the laws of 

probability. The noise was prerecorded; thus 

the experimenter had no control over the 

occurrence of the noise during a trial. The 

presentation of the light stimuli was con

trolled by the experimenter; however, the 

experimenter used random numbers to determine 

the time intervals between light stimuli pre

sentations. There was no conscious attempt 

by the experimenter to change the random 

presentation of light stimuli. 

3. It was stated above that the startle effect 

may occur only in the first second. Using 

the first second as the cut-off point was 
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an arbitrary and subjective selection. There 

were no means in the experimental set-up to 

determine precisely when the startle effect 

no longer reinforced the reaction time. 

4. Finally, in relation to the startle effect, a 

natural question arises. Would the startle 

effect be the same if the subject depressed 

the button instead of released the button 

when the light stimulus is received? 

The above comments indicate a formal study is 

needed to investigate and to substantiate these phenomena, 

Signifi cant Effects--Sensorimotor Performance 

Subjects 

As with reaction time, subjects were highly signi

ficant and will be discussed in detail in the last section 

of this chapter. 

Intensity by Frequency 

This interaction was significant for two dependent 

variables, total errors and latency, at the five percent 

level. The two main effects alone were not significant 

for any of the three dependent variables, total errors, 

total responses, and latency. As was stated in Chapter I, 

intensity and frequency are the two components of any 

sound. Thus it is not unexpected that an interaction 
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occurred between these components, whereas, alone they are 

non-significant. The effects of this interaction on each 

of the measured variables will be discussed separately 

below. 

Total Errors: The intensity by frequency inter

action is shown in Figure 12. Total errors means are 

fairly well grouped for the intensity level of 70 db. At 

this level the means range from 30.7 errors (160 cps) to 

32.5 errors (240 cps). This is not a wide range and shows 

little interaction between intensity and frequency at 

this intensity. However, at the intensity level of 80 db 

there seems to be considerable interaction. The most 

deleterious frequency was 120 cps at 80 db and the least 

deleterious frequency was 200 cps also at the intensity 

level of 80 db. At 120 cps, as the intensity was increased 

from 70 to 80 db, the mean number of errors increased from 

30.8 to 34.6. Conversely, at 200 cps as the intensity 

was increased from 70 to 80 db the mean number of errors 

decreased from 31.7 to 27.2. 

Latency: The interaction effect of intensity by 

frequency on latency was the same as on total errors. Figure 

13 shows that the frequency of 120 cps at an intensity of 

80 db was the most deleterious and the frequency of 200 

cps also at 80 db was the least deleterious. It should 

be noted that a high latency score indicates a low total 

errors score and conversely a low latency score indicates 
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a high total errors score. Appendix D shows two sample 

calculations of latency score. 

Total Response: A word about total responses seems 

necessary here since total responses are related to the two 

dependent variables above, yet this measured variable was 

non-significant. This dependent variable is the sum of 

total errors per trial plus correct responses per trial. 

As illustrated in Figure 14 this variable is not as sensi

tive a dependent variable as total errors. A hypothetical 

trial duration of 12 seconds was used in Figure 14 for 

illustrative purposes. It will be recalled that if a correct 

response is made the needle is delayed for one second. Thus 

the time elapsed between a correct response and the presen

tation of the next needle is three seconds. For a late error, 

an early error, and a no attempt (considered a late error). 

the needle does not stop thus only two seconds elapse 

between appearances of a needle under the hairline. Note in 

Figure 14 that all five trials have five total responses but 

total errors range from none to three. Thus the dependent 

variable was not a highly sensitive indicator of performance. 

Total responses could be made a more sensitive dependent vari

able by having the same needle position displayed at the 

start of each trial. This would be a difficult task for 

the experimenter to accomplish by observation. However, an 

electronic starter and timer connected with the motor 

turning the needle disc could accomplish this. 
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Comparison of Effects on Reaction Time 
and on -Sensorimotor- Performance 

Subjects 

Figures 15 through 18 show the plots for subjects 

for all four dependent variables. The dependent variables, 

total errors, latency, total responses, and reaction time 

were all significant at the one percent level. There does 

not seem to be any relationship between reaction time and 

sensorimotor performance as far as subjects are concerned. 

Subject 8 had the best sensorimotor performance but had 

the second worst reaction time. Subject 5 had the best 

reaction time but performed the sensorimotor task poorly. 

Subject 3, however, had a good reaction time and also 

performed well on the sensorimotor task- Nor was there a 

pattern evident in the other seven Subjects' performances. 

Thus a low reaction time does not seem to be a prerequisite 

for effective sensorimotor performance; nor does effective 

sensorimotor performance seem to imply a low reaction time. 

Frequency 

Frequency was non-significant for both reaction 

time and sensorimotor performance. As shown in Figure 19, 

the most deleterious frequency for reaction time was 120 

cps. This frequency is also the most deleterious for 

sensorimotor performance as shown in Figures 20 through 22. 

However, the least deleterious frequency for reaction time 
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was 80 cps; whereas for sensorimotor performance the least 

deleterious frequency was 200 cps. The general trend, for 

the effect of frequency on reaction time, seems to be the 

higher the frequency the lower the reaction time. Note 

in Figure 19 that starting at 120 cps the reaction time 

improves linearly as frequency increases. The trend for 

this effect on sensorimotor performance, however, is 

different. All three dependent variable curves for sensori 

motor performance are similar to the intensity by frequency 

interaction curves at the 80 db level (Figures 12 and 1 3 ) . 

Noise Type 

Noise type was non-significant for sensorimotor 

performance, however, it was significant for reaction time 

(Figure 1 1 ) . It should be recalled that random normal 

noise was the most deleterious and continuous noise was 

the least deleterious on reaction time. The trend for 

this effect on sensorimotor performance as shown in 

Figures 23 through 25, however is that continuous noise is 

the most deleterious. This trend is unexpected and does 

not agree with the general statement that intermittent 

noise is usually the most annoying [ 8 ] . A possible expla

nation for this trend is that the intermittent noise had 

an effect of producing increased attention in performing 

the sensorimotor tasks. 
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Intensity by Frequency 

This effect was non-significant for reaction time, 

however, it was significant for two dependent variables of 

the sensorimotor task. The trend for this effect on 

reaction time is in agreement generally with the effect 

on sensorimotor performance with the exception that 80 cps 

is the least deleterious frequency at both intensity levels 

Figure 26 shows this interaction effect on reaction time. 

The conclusions of this experiment and recommenda

tions are presented in the next chapter. 
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CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

The purpose of this study was to investigate the 

effects of various noise variables on reaction time and on 

sensorimotor performance. The independent variables were 

noise type, intensity, frequency, and subjects. The 

dependent variables were reaction time, total errors, 

latency, and total responses. The ten male subjects used 

in the experiment were used as replications. Each subject 

was exposed twice (once for each task) to the 30 combina

tions of factor levels. The collection of the data 

required approximately 100 hours. 

The conclusions are based on the results presented 

in Chapter IV and are subject to the conditions and limita 

tions under which the experiment was performed. 

Conclusions 

Subjects, noise type, and the intensity by frequency 

interaction were the only controlled variables that were 

significant, and only subjects was significant for both 

reaction time and sensorimotor performance. Some of the 

trends of the non-significant factors presented in 

Chapter IV will be discussed here but, of course, no 
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definite conclusions will be made concerning these trends. 

Subjects 

The subject with the best sensorimotor performance 

had the longest reaction time. The subject with the shortest 

reaction time performed the sensorimotor task poorly. A 

third subject had a short reaction time and performed the 

sensorimotor task well. It seems that reaction time and 

sensorimotor performance, in this case, are not related. 

Noise Type 

V Both periodic and random normal noise had delete

rious effects on reaction time with the random normal 

noise being the most deleterious. The continuous noise 

had the least deleterious effects on reaction time. Thus 

it can be concluded that intermittent noise more adversely 

affects reaction time than does continuous noise. This 

agrees with the general statement that intermittent noise 

is usually the most annoying type of noise [ 8 ] , [12]. 

However, an interesting and opposite trend devel

oped with the sensorimotor task. Continuous noise seems 

to have the most deleterious effects on sensorimotor 

performance. The startle effect of the two intermittent 

noises may have been beneficial in this case. The startle 

effect may have made the subjects more attentive to the 

task and thus the performance was better for the two inter

mittent noises. Type noise was non-significant for sensori-
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motor performance; thus no conclusion can be made here. 

However, this may be an area for further investigation. 

Intensity by Frequency 

The frequency of 120 cps at 80 db had the most 

deleterious effects on sensorimotor performance. Con

versely the frequency of 200 cps at 80 db enhanced the 

performance of the sensorimotor task. When intensity 

was increased from 70 to 80 db for the three lower fre

quencies sensorimotor performance was adversely affected. 

However, for the frequencies 200 and 240 cps an increase 

in intensity favorably affected the sensorimotor perfor

mance. Performance was fairly constant at 70 db for all 

five frequencies. [Thus, it can be concluded that the 

higher intensity has deleterious or beneficial effects 

on sensorimotor performance depending on the frequency.] 

At the 70 db level, the higher the frequency the more 

deleterious were the effects, although this was a slight 

trend. This trend is not evident at all at the 80 db 

level. It can be concluded then that a given frequency 

(as compared to another frequency) will have beneficial 

or deleterious effects on sensorimotor performance 

depending on the intensity. Of course, both 120 cps and 

200 cps at either intensity may have deleterious effects 

compared to a no noise orambient noise situation. It 

should be noted that this intensity by frequency inter-
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action may be the answer to why there are sometimes opposing 

results in noise experiments, especially where multi-

frequency noise is used and a single frequency is predomi

nant. 

This interaction was non-significant for reaction 

time but the general trend was similar to that in sensori

motor performance. A notable difference, however, was that 

the frequency of 80 cps had the least adverse effects on 

reaction time at both the 70 and 80 db intensity level. 

To draw definite conclusions from this result would require 

further study. 

Frequency 

This main effect was non-significant for both 

reaction time and sensorimotor performance. The frequency 

of 120 cps seemed to be the most deleterious for both 

tasks performed, whereas, 80 cps seemed to be the least 

deleterious for reaction time and 200 cps the least dele

terious for sensorimotor performance. These results 

support the intensity by frequency interactions effects 

for both tasks performed. The question, "Why do these 

particular frequencies seem to have adverse or favorable 

effects?", cannot be answered with the realm of this 

experiment. 

Intensity 

This main effect was non-significant for the experi-
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ment. There was no or very little change in reaction time 

or sensorimotor performance between the two intensity levels. 

These results do not agree with the general statement that 

the higher intensity was usually more annoying, -However, 

this experiment was not measuring annoyance. 

Tasks 

The effects of the same set of noise variables seem 

to be strikingly different for the two tasks performed. 

This seems to point out that the results of any noise 

study may depend a great deal on what task the subjects 

are performing. A definite conclusion cannot be made until 

other noise variable studies have been accomplished using 

different tasks. 

Recommendations for Further Research 

As discussed previously the effects of the various 

noise variables have not been conclusively determined. The 

effects of many variables and combinations of variables can 

be investigated. 

As originally conceived, this experiment should be 

extended using five frequencies in the 10,000 cps range. 

Then following this study a third experiment should be 

conducted using frequencies in the 19,000 cps range. De

pending on these results other studies should be conducted 

using numerous other combinations of frequencies. For 
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instance, this study should be repeated using frequencies 

of 280 to 440 cps to determine if the trends discovered in 

this study continue. 

A logical step after the above suggested experi

mentation should be to introduce controlled light variables, 

since Medeiros [10] found a light-noise interaction on 

reaction time. The results may change appreciably when 

different intensities of general lighting or different 

background colourings are used. 

As discussed earlier, the effects of a set of noise 

variables seem to depend on what task the subject is per

forming. This statement could be verified or refuted by 

repeating this study but using a decision task and a 

memory task instead of a reaction time task and sensori

motor task. A decision and a memory task are recommended 

since these tasks are not similar to each other and also 

are not similar to either the reaction time task or 

sensorimotor task, although there was a decision factor in 

the sensorimotor task. 

This study showed that intermittent noise had the 

most deleterious effect on reaction time. A further study 

into the phenomena observed and discussed in Chapter IV may 

be worthwhile. The following areas or combinations of these 

areas should be Jinvestigated. 

1. A basic question to answer is whether or not 

reaction time is significantly different when 
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4. 

the noise and light stimulus occur simulta

neously as compared to the other noise and 

light stimulus occurrences. 

Another question that should be answered is, 

"If the reaction time task is modified so 

that the subject depresses the task button 

instead of releases the button when the 

stimulus is received, is the startle effect 

the same?" 

As previously stated in Chapter IV, if the 

light stimulus was presented during the 

first second of noise, the reaction time 

was short. This short reaction time was 

attributed to the reinforcing or startle 

effect of the noise. A study should be con

ducted to determine at what point during the 

two second duration of noise this reinforcing 

ceases. This could be accomplished by 

recording concurrently on a graphic recorder 

the occurrence of the noise and the light 

stimulus; and then comparing their relation

ship along with the recorded reaction time. 

An investigation to determine whether light 

as a stimulus, noise as a stimulus, or a 

light-noise combination as a stimulus produces 

the shortest reaction time should be another 
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related area of study. 

Finally, the use of five multi-frequency noises, 

incorporating each of the five frequencies used in this 

study as the predominant frequency, may produce some worth

while comparisons. The intensity of the predominant fre

quency may be varied from 5 to 15 db above the frequency 

having the next highest intensity in the multi-frequency 

noise. This study may show whether the predominant 

frequency determines the effects of the multi-frequency 

noise or whether masking occurs producing different 

effects. By varying the intensity of the predominant 

frequency, the intensity at which this frequency determines 

the overall effects may be established, unless, of course, 

masking occurs at all intensity levels of the predominant 

frequency. The production of the noise recommended here, 

however, may require quite elaborate equipment. 
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APPENDIX A: ANOVA TABLES 
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TABLE 6 

ANOVA RESULTS FOR TOTAL ERRORS 
(SENSORIMOTOR PERFORMANCE) 

Degrees Sum 
of of Mean 

Source Freedom Squares Squares F-Ratio 

I 

N 

F 

R 

IN 

IF 

NF 

INF 

Error 

Total 

1 

2 

4 

9 

2 

4 

8 

8 

261 

299 

10.82999 

151.40664 

321.35327 

9432.06799 

189.17998 

588.35322 

404.02666 

278.18672 

10.82999 

75.70332 

80.33832 

1048.00755 

94.58999 

147.08830 

50.50333 

34.77334 

52.429 

.207 

1 .444 

1.532 

19.989 

1 .804 

2.806 

.963 

.663 

NS 

NS 

NS 

.01 

NS 

.05 

NS 

NS 

Legend: I = Intensity 

N = Type Noise 

F = Frequency 

R = Subjects 
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TABLE 7 

ANOVA RESULTS FOR LATENCY 
(SENSORIMOTOR PERFORMANCE) 

Degrees Sum 
of of Mean 

Source Freedom Squares Sqniares F-Ratio 

I 

N 

F 

R 

IN 

IF 

NF 

INF 

Error 

1 

2 

4 

9 

2 

4 

8 

8 

261 

38.54235 38.54235 .342 NS 

288.70410 144.35205 1.279 NS 

603.93687 150.98422 1.338 NS 

20158.65649 2239.85071 19.847 .01 

394.98890 197.49445 1.750 NS 

1170.62631 292.65658 2.593 .05 

985.57561 123.19695 1.092 NS 

652.98141 81.62268 .723 NS 

112.858 

Total 299 

Legend: I = Intensity 

N = Type Noise 

F = Frequency 

R = Subjects 
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TABLE 8 

ANOV/' RESULTS FOR TOTAL RESPONSES 
(SENSORIMOTOR PERFORMANCE) 

Source 

I 

N 

F 

R 

IN 

IF 

NF 

INF 

Degrees 
of 

Freedom 

1 

2 

4 

9 

2 

4 

8 

8 

Sum 
of 

Squares 

2.61333 

26.48000 

39.94667 

962.07995 

3.94667 

37.25333 

27.25333 

19.38667 

Mean 
Squares 

2.61333 

13.24000 

9.98667 

106.89777 

1.97333 

9.31333 

3.40667 

2.42333 

F-Ratio 

.511 

2.589 

1.953 

20.907 

.386 

1.822 

.666 

.474 

NS 

NS 

NS 

.01 

NS 

NS 

NS 

NS 

Error 261 5.113 

Total 299 

Legend: I = Intensity 

N = Type Noise 

F = Frequency 

R = Subjects 
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ANOVA RESULTS FOR REACTION TIME 

82 

Source 

I 

N 

F 

R 

IN 

IF 

NF 

INF 

Error 

Total 

Degrees 
of 

Freedom 

1 

2 

4 

9 

2 

4 

8 

8 

261 

299 

Sum 
of 

Squares 

.00000 

.01217 

.00319 

.44639 

.00062 

.00116 

.00262 

.01919 

Mean 
Squares 

.00000 

.00608 

.00080 

.04960 

.00031 

.00029 

.00033 

.00053 

.00041 

F-Ratio 

.000 

14.829 

1.951 

120.976 

.756 

.707 

.805 

1 .293 

NS 

.01 

NS 

.01 

NS 

NS 

NS 

NS 

Legend: I = Intensity 

N = Type Noise 

F = Frequency 

R = Subjects 
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APPENDIX B: GRAPHS FOR SELECTED 

NON-SIGNIFICANT EFFECTS 
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APPENDIX C: MEANS OF SIGNIFICANT MAIN 

EFFECTS AND INTERACTIONS 



MEANS OF SIGNIFICANT MAIN EFFECTS AND INTERACTIONS 

89 

Source Means for 

Subjects 

#1 

#2 

#3 

#4 

#5 

#6 

#7 

#8 

#9 

#10 

Type Noise 

Periodi c 

Reaction 

Random Normal 

Conti nuous 

In t e n s i t y b) 

70 db 

80 db 

f Fre 

80 

120 

160 

200 

240 

80 

120 

160 

200 

240 

Time 

.231 

.329 

.222 

.229 

.214 

.279 

.221 

.301 

.286 

.231 

.258 

.260 

.246 

iquency 

cps 

cps 

cps 

cps 

cps 

cps 

cps 

cps 

cps 

cps 

Latency 

18,895 

20,624 

21,243 

20,450 

19,969 

20,998 

20,595 

21,617 

19,252 

19,817 

20,363 

20,361 

20,443 

20,220 

20,164 

20,406 

19,878 

20,276 

20,901 

20,447 

Total 
Errors 

40.7 

29.0 

24.8 

31.0 

34.7 

26.3 

29.3 

22.6 

38.4 

34.8 

31.0 

30.8 

30.7 

31.7 

32.5 

31.1 

34.6 

31.5 

27.2 

30.3 

Total 
Responses 

117.8 

114.2 

112.8 

114.0 

116.1 

112.9 

113.6 

112.8 

116.9 

116.6 
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APPENDIX D: EXAMPLE LATENCY SCORE CALCULATIONS 



LATENCY SCORE 

n 

Latency Score = A,_>L-E.E. + B. x C.R. + C. x L.E, 
E.E. + C.R. + L.E. 

A. = number of early errors 

B. = number of correct responses 

C. = number of late accuracy errors 

E.E. = number of early errors per trial per 

subject 

C.R. = number of correct responses per trial 

per subject 

L.E. = number of late errors per trial per 

subject 

Subject Trial A. B. C. E.E. C.R. L.E 

1 3 8307 25,089 1040 39 73 9 

1 10 8307 25,089 1040 24 88 2 

Trial Three 
8307 X 39 + 25,089 x 73 + 1040 x 9 ^ -,7 ggi 

Latency Score = — r^ 

Trial Ten 
8307 X 24 + 25,089 x 88 + 1040 x 2 ^ 21,134 

Latency Score = — ^ p u " 






