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CHAPTER I 

BACKGROUND AND SETTING 

Noise surrounds us on a daily basis. Some noises are 

rarely heard and other noises can be at times annoying. What 

is noise? According to Bragdon (1971), noise is simply 

termed as unwanted sound, or sound not desired by the 

recipient. However, the dangers associated with noise can be 

serious. Numerous studies have clearly proven that exposure 

to certain noise levels can cause health problems and even 

loss of hearing. 

The National Institute of Occupational Safety and Health 

(NIOSH 1991) points out that noise exposure in mechanized 

industry poses a greater threat to one's health than noise 

exposures occurring in the general environment. Instructors 

and students involved in agricultural mechanics laboratories 

would certainly be classified into this category. 

Agricultural mechanics laboratories provide education in 

welding and metal work, construction, electricity, and engine 

repair. Due to the various learning experiences that take 

place in the laboratory, equipment is present that can very 

easily disrupt the normal hearing pattern of teachers and 

students. Although minimal exposure may cause little damage, 

one must ask, at what point does it begin to have an effect 

on teachers and students? 
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Twenty-five percent of the workers in agriculture are 

exposed to average daily occupational noise levels above 85 

decibels (dB) . Considering the study conducted by Firenze 

and Walters (1981), which found that noise levels were 

reported to reach 105 dB's from a circular saw and 121 dB's 

from oxygen torches, one can see that noise levels far exceed 

85 decibels. NIOSH (1991) also reported that equipment and 

machinery often exceed the required standard noise levels. 

Since agricultural mechanics laboratories deal with these 

very components, attention should be focused on these areas. 

Studies done by Bear (1969), Wall and Jessee (1971), 

Shell (1972), Madou-Bangurah (1978), Weston and Stewart 

(1980), and Bates (1983) concluded that agricultural 

mechanics laboratories exceed safety limits set forth by 

Occupational Safety and Health Administration and the 

American Conference of Governmental Industrial Hygienists. 

Even though many agricultural mechanics laboratories are 

equipped with various types of hearing protection devices, 

many teachers often choose not to use them. This fact is 

alarming considering the study by Westrom and Lee (1989) 

which concluded that agricultural science teachers felt 

laboratory noise was a major concern. Only through strict 

regulation on state and federal levels do agricultural 

science teachers feel compelled to implement hearing 

protection (Miller 1986) . 
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Agricultural mechanics laboratories are included in the 

majority of school vocational programs in the state of Texas. 

Thus, it is safe to assume that these laboratories have the 

potential to create noise levels dangerous to teachers and 

their students. 

Teachers and students alike are at risk when it comes to 

noise levels. Many times teachers and students are exposed 

to noise levels that can be detrimental to their hearing. 

Unfortunately, they may not be aware of the danger. 

Hopefully, through the awareness of the potential 

consequences, and not strict regulations, more and more 

agricultural science teachers will equip themselves and 

students with hearing protection. 

Statement of the Problem 

Obviously, agricultural mechanics laboratories will have 

a certain level of noise. Bear (1969) and Wall and Jessee 

(1971) concluded that environmental noise in agricultural 

mechanics laboratories can present hazardous conditions. 

Daniels (1985) conducted a study that showed students perform 

better under quiet conditions than noisy conditions. 

Exposure to various sound levels can and should be a major 

concern to agricultural science teachers. The major purpose 

of this study was to determine if agricultural mechanics 

laboratories in a 40-mile radius of Lubbock, Texas meet OSHA 

standards for noise levels. 
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Research Objectives of the Study 

The major objective of this study was to determine what 

noise levels teachers and students are exposed to in 

agricultural mechanics laboratories within a 40-mile radius 

of Lubbock, Texas. Specific objectives for this study were 

to: 

1. Determine noise levels generated by a circular 

saw at close, intermediate, and long range. 

2. Determine noise levels generated by a right 

angle grinder at close, intermediate, and long 

range. 

3. Determine the association of laboratory size 

(cubic feet) on noise levels. 

4. Determine the association of interior wall 

surface treatments, insulation, and door position 

on noise levels. 

Definition of Terms 

Agricultural Mechanics Laboratories--Agricultural 

Mechanics Laboratories are teaching facilities. These 

laboratories are equipped with machinery and tools such as 

radial arm saws, table saws, welders, planers, and grinders. 

Students work in these facilities to acquire skills and 

construct projects associated with mechanized agriculture. 
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Agricultural Science--Agricultural Science refers to 

instruction to students on a secondary level in 

agriculturally related subjects. 

Allowable Exposure--Allowable exposure is the amount of 

noise permissible for a person to be exposed to over a period 

of time (e.g., 100 decibels of exposure per 2 hours). 

Decibel--Decibel is a numerical value given to the 

relative loudness of a sound. 

Hearing Protection Device (HPD)--Hearing Protection 

Devices consist of earmuffs, ear caps, and ear plugs. HPD's 

are worn in minimal and severe noise enviroments. 

Interior Wall Treatments--Interior Wall Treatment refers 

to the type of material used as the interior surface in an 

agricultural mechancis laboratory (e.g., masonry and metal). 

National Institute for Occupational Safety and Health 

NIOSH is a governmental agency whose purpose is to provide 

and conduct research pertaining to safety and health matters 

in industry. 

Occupational Safety and Health Administration--OSHA is a 

governmental agency whose purpose is to regulate and enforce 

safety and health standards related to industry. 

Peak Noise Levels--Peak Noise Levels occur when noise 

generated by machinery reaches its maximum level. These 

levels are potential health hazards. 
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Limitations of the Study 

The following limitations were considered when 

collecting data for this study: 

1. The study was limited to only agricultural 

mechanic laboratories within a 40-mile radius 

of Lubbock, Texas. 

2. Equipment used to collect noise levels was 

limited to only a circular saw and a right 

angle grinder. 

Need for the Study 

A study of this type has been conducted in other states. 

However, in the State of Texas, studies have only been 

conducted on an industry level and not within school systems. 

Administrators should be concerned with the environmental 

working conditions and health of their students and teachers 

because noise and other environmental conditions can cause 

health problems (Vaughn, Lee and Westrom, 1989) . Therefore, 

safe working conditions should be of the utmost importance. 

Data collected from this study will serve not only as a 

template for further studies within the state of Texas, but 

will help agricultural science teachers determine what type 

of hearing protection is sufficient or necessary for their 

laboratories. 
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CHAPTER II 

REVIEW OF LITERATURE 

When working in agricultural mechanics laboratories, 

teachers and students come into contact with a variety of 

different noises. Noises can be generated from circular 

saws, oxy-acetylene torches, drills, hammers, and many other 

types of equipment which are used by teachers and students on 

a daily basis. These noises can range from levels that have 

no major effect on teachers and students to levels that when 

exposed to for relatively short periods of time, can cause 

irreversible damage to the teachers' and students' hearing. 

Unfortunately, there is no known cure for hearing loss caused 

by noise (Tel-A-Train, 1985) . This review includes sources 

of loud noise, teachers' and students' exposure to noise 

levels, effects of performance and health hazards associated 

with noise levels, hearing conservation and protection, and 

NIOSH and OSHA standards and regulations. 

Sources of Loud Noise 

Loud noises can be generated from equipment which is 

improperly maintained. Cunningham and Holthrop (1974) 

concluded in their report that poorly maintained equipment 

can cause laboratory related injuries. Hearing loss was one 

of those injuries. O'Neal (1986) noted in his study that 
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operator hearing loss was attributed to noise from 

woodworking equipment. Before and after using equipment, 

care should be taken to thoroughly clean various parts. This 

will, in the long run, eliminate possible damage and 

malfunctions of the equipment. A study conducted in a four 

state area by Miller and Silverman (1983), developed the 

following table of shop equipment noise levels (see Table 1) . 

Most of these noise levels are well over 85 decibels and 

certainly require attention. 

Plakke (1985) suggested that teachers take noise level 

readings of their laboratory and construct a chart similar to 

Table 1 which illustrates different shop equipment noise 

levels. Plakke (1985) also recommended that teachers also 

include OSHA's table of allowable exposure in their shops. 

This would give students and teachers a guideline to follow. 

When doing woodwork, the depth of the cut, blade 

sharpness, rate of feed, and the wood species determines the 

level of noise. Burke (1991) made the following 

reccomendations: 

1. Planer maintenance should be performed 
regularly to help reduce noise pollution in 
the mechanics laboratory learning environment. 

2. Selecting soft wood species for construction 
activities will assist in keeping planing 
noise to a minimum. 

3. Planing operations should be performed at slow 
feed rates when possible to minimize the noise 
produced during planing operations. 
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Table 1 

Shop Equipment Noise Levels 

SHOP AREA MACHINE/TOOL dB A 

Welding grinder 96 
sander 105 
chipping 108 

Building planer 114 
Construction table saw 104 

hammering 94 
circular saw 103 
saber saw 98 

Auto Shop impact wrench 96 
(Mechanical) air chisel 104 

air blower 94 
air compressor 74 

General Shop band saw 92 
arm saw 109 
table saw 102 
planer 110 

Auto Shop air chisel 102 
(Body) sander 104 

grinder 92 
air blower 93 
hammering 106 

Miller and Silverman ( 1983) 
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4. Manufacturer recommendations of 1/16 and 1/8 
inch depths of cut are good recommendations to 
follow when attempting to minimize noise from 
planing operations. 

5. Hearing protection equipment should be worn by 
those in the agricultural mechanics laboratory 
when planing operations are being 
performed. (p.7) 

Reynolds (1991) conducted a study in Wyoming high school 

agricultural mechanics laboratories to determine noise source 

measurements of project construction classes. He found that 

noise created by radial arm saws, table saws, portable 

grinders, and sorting metal in storage bins or racks were 

sources of noise which cause high peak levels during 

construction. The study also suggested: 

"(a) that teachers and students should keep equipment 
properly maintained and adjusted to prevent or reduce peak 
noise levels and (b) when teachers select or replace 
equipment they should use noise levels of operation as a 
criteria for selection" (p. 174). 

Teacher's and Students' Exposure 
to Noise Levels 

Bear (1969), Reynolds (1989), and Wall and Jesse (1971) 

noted in their studies that loud noise is one of the most 

hazardous conditions present in an agricultural mechanics 

laboratory. The duration of exposure to these noises can 

occur from a few minutes to an entire class period. Teachers 

in agricultural mechanics laboratories are prone to hearing 

loss due to their constant exposure to equipment noise. In 

fact, Plakke (1985) concluded in his report that industrial 

arts teachers are exposed to noise many more hours per week 
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than their students. Burke (1987) reported that 24% of 

Virginia agricultural mechanics laboratory teachers had 

suffered hearing losses greater than other people their own 

age. These teachers attributed this hearing loss to the 

environmental noise in their laboratories. Plakke (1985) 

reported similar results from Iowa industrial arts teachers. 

Fifty-four percent of the teachers indicated that they may 

have acquired a hearing loss due to their occupation. 

However, 62% said they never wore hearing protection. 

Vaughn, Lee, and Westrom (1989) pointed out in their study 

that noise presented health concerns for teachers. 

Although students' exposure to noise levels do not meet 

or exceed those levels incurred by their teachers, concern 

must be given to students, who on a daily basis, are exposed 

to noise in welding and metals, general wood, and automotive 

laboratories. Bates (1983) reported that students in 

agricultural mechanics laboratories are subjected to noise 

levels that often exceed the safety limits set by OSHA. 

Plakke (1985) also noted that secondary school students are 

exposed to potentially hazardous noise levels in industrial 

arts classes. A study by Woodford and O'Farrell (1983) 

concluded the following associated with public school shops: 

"(a) sound levels in most school shops are sufficient to 

constitute a hazard to hearing, and (b) students involved in 

shop activities are more apt to have high frequency loss of 

hearing than those not participating in these activities" (p. 
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22) . Lipscomb (1972) reported a high incidence of high-

frequency loss of hearing in secondary school shop students. 

The frequency loss of hearing was greater in male students 

than in female students. A study conducted on 872 vocational 

agriculture students indicated an increased prevalence of 

hearing loss among students involved in agricultural 

activities. According to Broste, Hansen, Strand, and 

Stueland (1989), hearing losses observed in adult farmers may 

begin in childhood. A study conducted on high school and 

college students by Therman and Henderson (1991) reported 

that students involved in agricultural activities have 

exhibited significant decreases in auditory sensitivity. 

Effects of Performance and Health 
Hazards Associated With 

Noise Levels 

Students and teachers in agricultural mechanics 

laboratories may be aware of the noise around them, but they 

may not be aware of the potential health hazards associated 

with that noise. Olishifski and McElroy (1971) reported that 

loud excessive noise affects man in three ways: 

"(a) psychological, (b) interference with communication 
by speech, and (c) physiological effects. 
Psychologically, noise can startle, annoy, and disrupt 
concentration, sleep, or relaxation. Interference with 
communication by speech may hinder performance and 
safety. Physiologically, noise can cause hearing loss, 
aural pain, nausea, and reduced muscular control" (p. 
169) . 

NIOSH (1991) noted in a study that noise can interfere 

with reception of speech, warning signals, and other 
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undesired sounds and contribute to psychological disturbances 

and hinder work performance. Miller (1987) conducted a study 

that showed cognitive and psychomotor skills in vocational 

education laboratories can be severely impaired by excessive 

noise. The report concluded that when noise levels reach 90 

decibels or more, students can lose up to 50% of their 

cognitive skills, and up to 20% of their psychomotor skills. 

This consequently led to lower performance scores. Daniels 

(1985) conducted a similar study to determine if routine shop 

noise would have an effect on the accuracy of motors skills. 

Students completed a test under quiet conditions and normal 

levels of shop noise. Results showed that students who took 

the test under common shop noise scored significantly lower 

than those students who took the test under quiet conditions. 

Weston and Adams (1935) and Hartley (1974) reported improved 

performance when hearing protection was worn. 

Students and teachers in agricultural mechanics 

laboratories exposed to noises can face numerous health 

hazards. Micheal (1965) concluded in his study that colitis, 

high blood pressure, migraine headaches, and nervous 

disorders are health effects which can be associated with 

noise. Jansen (1969) summarized in his report that 

peripheral vasoconstriction which narrows the muscular 

arteries is a well-documented circulatory response to noise. 

He also concluded that in the digestive tract, short noise 

exposures may decrease the contractions conveying food 
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through the body and regulating the flow of gastric juices 

and saliva. A study conducted in the Soviet Union found that 

high exposure to intense noise caused a loss of circulation 

to the brain and hence a decrease in the oxygen level to 

cerebral tissue (Svadlrouskaya 1967) . 

Although students and teachers may never experience 

these health hazards, they are definitely susceptible to some 

form of hearing loss. According to the study conducted by 

Glorig (1958), hearing loss was recognized as the major 

hazard of a noisy environment. Hearing loss can be 

classified in two ways. (a) Temporary hearing loss due to 

exposure to loud noise for a few hours with normal hearing 

usually returning after a rest period. The recovery period 

may be minutes, hours, days, even longer depending on the 

individual and the length of exposure. (b) Permanent hearing 

loss due to exposure to loud noise. This type of hearing 

loss is the result of nerve or hair cell destruction in the 

hearing organ and is not reversible according to Olishifski 

and McElroy (1971). 

Research was done on sudden impact noise such as welding 

metal dropped on a concrete floor and impulse noise such as a 

grinding wheel intermittently coming in contact with steel 

and found that each can actually cause damage to parts of the 

inner ear (Bohne, 1976) . It is important for teachers to 

realize the effects of performance and health hazards 
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associated with noise in order to better equip themselves and 

their students. 

Hearing Conservation and Protection 

Noise is definitely a problem that needs to be taken 

seriously. Woodford and O'Farrell (1983) concluded in their 

study the need for hearing conservation measures in an 

educational setting. They emphasized that if education on 

the effects of noise on hearing and the provision and use of 

protection were started in our schools, it would eliminate 

problems and prevent much loss of hearing. Plakke (1984) 

suggested that all educational supervisors and teachers 

evaluate the needs of their programs. They will need to know 

the noise levels to which the class is exposed, determine the 

specific needs of their students and themselves, and select 

appropriate hearing protection. Miller (1987) concluded in a 

similar report that vocational education teachers should 

measure the noise generated in their labs by using monitoring 

instruments. Florentine (1990) emphasized in her study that 

education is needed for children of all ages and for adults 

exposed to work and recreational noises. She also suggested 

that time commitments can range from an hour long talk to 

designing a comprehensive educational program for a specific 

target group such as high school students in vocational/ 

technical programs. NIOSH (1991) pointed out in a study that 

noise induced hearing loss can be reduced, or often 
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eliminated, through the successful application of 

occupational hearing conservation programs. Plakke (1985) 

outlined some things that should be included in a hearing 

conservation program: 

1. Sampling of noise levels in the shop on an annual 
basis or when new machines or processes are 
installed. 

2. Annual hearing evaluation of teachers. 

3. Educating students to the harmful effects of noise 
and what they can do to prevent hearing loss. 

4. Reduction of noise levels by retrofitting 
dampening and replacing noisy machines or 
processes with quieter ones. 

5. Required wearing of hearing protection by all 
students and teachers. (p. 10) 

A study conducted by Prakken (1961) suggested that even 

the layout of the shop with proper planning can eliminate 

much of the effects of noise. The study suggested that shops 

should have no open windows on a court on which recitation or 

study rooms are located. Shops should be located at ends of 

corridors or wings; ideally they should be in separate 

buildings but close to the rest of the school plant. 

One major part of hearing conservation is the type of 

Hearing Protection Devices (HPD's) used to prevent noise-

induced hearing loss. Reynolds (1990) suggested that using 

HPD's in an environment of loud noise bursts would also 

reduce the temporary or possible permanent physical damage 

incurred from such exposure. Miller (1987) reported that 

HPD's are the most practical way to control exposure to 
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noise. He also concluded that HPD's have proven to be 

effective in protecting people from performance loss. 

However, most teachers refuse to wear HPD's. The study 

conducted by Plakke (1985) surveyed Iowa industrial arts 

teachers and found that only 19% of them wore personal 

hearing devices. A study conducted by Lawver (1992) on 237 

teachers of agricultural mechanics programs in Texas, 

concluded that 83.1% did not make available hearing 

protection ear plugs and 92.4% did not make available hearing 

protection ear muffs. This is alarming considering the 

survey conducted by Lass, Carlin, Woodford, Campanelli

Humphreys, Judy, and Hushion-Stemple (1985) that showed 

87.8% of classroom teachers including vocational teachers, 

were aware that HPD's prevented hearing loss. 

Students should also be given information about wearing 

HPD's, according to Plakke (1984). Florentine (1990) noted 

that students should wear proper HPD's or spend less time 

exposing themselves to activities that generate loud noises. 

The most common HPD's available are: (a) Foam type which 

expand to fit any ear and should be discarded after one 

wearing. They are relatively easy to use and inexpensive. 

(b) Reuseable HPD's which are very effective but expensive. 

It is recommended to buy them in quantity Miller (1987) . (c) 

Ear muffs which are circumaural hearing protectors that 

enclose the entire ear pressing against the skull. This type 

offers maximum hearing protection if worn properly. NIOSH 
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(1991) recommended that steps be taken to further control 

noise-induced hearing loss. They regarded HPD's as being 

only a temporary measure and that sufficient engineering 

controls and administrative measures be implemented as well. 

It is vitally important that teachers evaluate the noise 

levels of their laboratories and choose the proper HPD's 

suitable for that situation. 

NIOSH and OSHA Safety Standards 
and Regulations 

As with any occupational hazard, noise warrants special 

regulations and standards to sufficiently provide workers 

with quidelines that protect them from potential noise 

related injuries. The National Institute for Occupational 

Safety and Health (NIOSH) is an organization that provides 

quidelines regarding noise. The following are some 

recommendations set by NIOSH (1991) for noise standards: 

Section 1 - Applicability 
The provisions of this standard are applicable to 
occupational noise exposures at places of 
employment and are intended to apply for all 
noise even though additional controls may be 
necessary for certain specific types of noise, 
such as some impact and impulsive noise. For 
the purposes of this standard the noise exposure 
is determined for an 8-hour workday. 

Section 3 - Occupational Enviroment 
(a) The unit of measurement shall be "dBA-slow." 
(b) Daily Occupational Noise Exposure 

(i) Occupational noise exposure shall be 
controlled so that no worker shall be 
exposed in excess of the limit 
described as line B in Figure I-1. 
New installations shall be designed 
with noise control so that the noise 
exposure does not exceed the limits 
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described as line A in Figure I-1. 
For noise exposures consisting of two 
or more periods of exposure at 
different levels, the Daily Noise 
Dose, D, shall not exceed unity. Line 
A or line B, as applicable, shall be 
used in computing the Daily Noise 
Dose. 

(ii) It is recommended that the limit 
described as line A become effective for 
all places of employment after a time 
period determined by the Secretary of 
Labor in consultation with the Secretary 
of Health, Education, and Welfare. This 
delay in effective date for all places 
of employment is believed necessary to 
permit the Department of Labor to 
conduct an extensive feasibility study. 

(iii)At no time shall any worker be exposed 
to effective noise levels exceeding 115 
dBA-Slow. 

(c) Measurements 
(i) Compliance with the permitted daily 

noise exposures defined by Section 3(b) 
shall be determined on the basis of 
measurements made with a sound level 
meter conforming as a minimum to the 
requirement of the American National 
Standard Specification for Sound Level 
Meters, S1.4 (1971) Type S2A, and set to 
use an A-weighted slow repsonse. 

(ii) All measurements shall be made with 
the sound level meter at a position 
which most closely approximates the 
noise levels at the head position of the 
employee during normal operations. 

(iii)An acoustical calibrator accurate 
with-in plus or minus one decibel shall 
be used to calibrate the sound level 
meter on each day that noise 
measurements are taken. 

Section 7 - Personal Protective Equipment 
If noise exposures to which employees could 
be exposed exceed the limits specified, 
personal protective equipment (i.e., ear 
protectors) shall be provided by the 
employer to be used in conjunction with an 
audiometric testing program. 

Section 8 - Apprisal of Employees of Hazards from 
Noise 

Each worker exposed to noise shall be 
apprised of all hazards, relevant symptoms, 
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and proper conditions and precautions for 
working in noisy areas. The information 
shall be kept on file and readily 
accessible to the worker at all places of 
employment where the noise levels equal or 
exceed the limits prescribed in Section 
3(b). (p. 3) 

The Occupational Safety and Health Administration (OSHA) 

is another organization that regulates noise exposure to 

employees. Due to the flucuating levels of exposure to 

noise, and the variance of noise levels in the work setting, 

OSHA developed standards of permissible sound exposures. 

Table 2 gives OSHA's permissible sound exposures (OSHA 1978). 

Summary 

This review of literature revealed that noise levels in 

agricultural mechanics laboratories present problems not only 

for students but teachers as well. Although studies have 

been conducted in other states, a study was yet to be done in 

agricultural mechanics laboratories in Texas. The need 

existed to study noise levels in agricultural mechanics 

laboratories in Texas and determine if noise levels exceed 

OSHA required standards. The result of this study could 

assist teachers in providing safer and healthier working 

conditions for their students. It will also assist them in 

the awareness for the need of proper hearing protection. 
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Table 2 

OSHA and ACGIH Permissible Sound Exposure 

Hours Per Day of Exposure 

8 
6 
4 
3 
2 
1.5 
1 
.5 
.25 or less 

A-Weighted* 
Sound Leyel, dB 
OSHA ACGIH 

90 85 
92 ** 
95 90 
97 ** 
100 95 
102 ** 
105 100 
110 105 
115 110 

From OSHA standard 29 CFR 1910.95 (1978) American Conference 
of Governmental Industrial Hygienists ISBN 0-936712-34-1 
* Response to frequencies of 500 to 10,000 Hz 

**Not rated by ACGIH 
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CHAPTER III 

METHODOLOGY 

The purpose of this study was to determine the noise 

levels students and teachers are exposed to in area 

agricultural mechanics laboratories. 

description of methods will be given. 

In this chapter, a 

The following areas 

will be covered: research design, subject selection, data 

collection, conditions of testing, and data analysis. 

Research Design 

The design for the study was a descriptive survey 

designed to collect data to determine if noise levels in area 

agricultural mechanics laboratories met OSHA and NIOSH 

standards. It was also intended to determine the exposure of 

noise levels to teachers and students. Another purpose of 

this study was to determine if the size of the building, or 

interior wall treatments affected noise levels. 

Subject Selection 

The population of this study consisted of agricultural 

mechanics laboratories in a 40-mile radius of Lubbock, Texas. 

Data were collected in March and April of 1992. Data from 

two to three agricultural mechanics laboratories were 

collected on Wednesdays and Fridays until all laboratories in 

the study were completed. 
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Data Collection 

When measuring noise levels in the agricultural 

mechanics laboratories, a circular saw and a right angle 

grinder were used. During the process of collecting data, 

the geographical center of the building was first determined 

by measuring the diagonals using a 50 ft tape. In areas 

where it was impossible to measure diagonals due to 

obstructions, the center was determined by simply setting up 

in an approximate central location of the shop area. Special 

care was taken to collect noise levels in a path unobstructed 

by equipment. This allowed the investigator to hold the 

sound level meter at the proper angle as suggested by the 

1991 Simpson Operating Manual to collect accurate noise 

levels. Since noise levels were first measured using the 

skill saw, two saw horses were set up. Using a six foot 2x6 

piece of soft wood, three noise measurements were taken. The 

first measurement (A) was taken right at the source. The 

second measurement (B) was taken intermediately between the 

source and the nearest wall. The final measurement (C) was 

taken directly at the wall. 

Upon completing noise measurements of the circular saw, 

noise measurements were taken using a right angle grinder. 

The circular saw and right angle grinder noise measurements 

were established to be 104dBA and 105dBA, respectively, at 

each agricultural mechanics laboratory. A 4x8 1/4in plate of 

metal was utilized for grinding. The investigator 
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periodically took additional readings at each location when 

the primary reading was in doubt. 

All information was recorded on a specially designed 

form constructed by the investigator (see appendix) . When 

measuring noise levels in the agricultural mechanics 

laboratories, the investigator used a Simpson 884 Type S2A 

sound level meter which is approved by both OSHA and NIOSH. 

The sound level meter was placed in a position so that 

measurements could be taken accurately. Before measuring 

noise levels at each location, the Simpson 890 Sound Level 

Calibrator was used to calibrate the Sound Level Meter to 

provide for accuracy when reading the sound meter. Other 

equipment used consistently throughout the study were a 2-1/8 

horsepower Craftsmen circular saw, and a Milwaukee heavy-duty 

right angle grinder. The same assistant operated the 

equipment and the investigator measured the noise levels at 

each location. 

Students and teachers did not participate in the actual 

collection of noise level data. In order to collect 

accurate data, all doors and windows, wherever and whenever 

possible, remained closed. No other noise producing 

activities were taking place. After completing all noise 

measurements, measurements were taken determining the length, 

width, and height of the building. Observations were made to 

determine the building's interior wall treatment. 
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The following steps were used when operating the Sound 

level meter (Simpson Operators Manual 1991) : 

(a) Rotate the range switch to BATT TEST and note 
meter indication. If meter indication is in 
BATT OK area of dial, batteries are good. If 
not in BATT OK area, replace batteries. 

(b) When used as a hand held Instrument, orient 
microphone to take into account operator's 
presence. Point Sound Level Meter at an angle 
of 70 degrees with incoming sound waves. 

(c) For OSHA compliance measurements, set FAST/SLOW 
switch to SLOW, and range switch to OSHA. Read 
exact dB level on red OSHA arc. Note: If the 
meter indication is less than 105 dB, set range 
switch to a more sensitive range. For example, a 
95 dB reading in the red OSHA range can be better 
and more accurately read with the switch set to 90 
dB range. 

(d) Use other dB ranges in conjunction with FAST/SLOW 
switch to determine loudness and contributory 
affect of specific sound sources. Use SLOW 
response if meter fluctuations are in excess of 5 
dB. 

(e) When not in use, return range switch to OFF, and 
store Sound Level Meter in a safe place. (p. 10) 

Some training was required for servicing and calibrating 

the Sound Level Meter. A pilot study was conducted prior to 

performing the study in the agricultural mechanics laboratory 

at Texas Tech University. This allowed for sufficient 

practice and solved any problems that occurred at that time. 

Conditions of Testing 

This study was conducted to determine noise levels of 

various equipment based on conditions found in agricultural 

mechanics laboratories, including the size of the shop area 
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and the interior wall surface treatments within a 40-mile 

radius of Lubbock, Texas. Special care was taken to 

consistently perform the same procedure of data collection 

throughout every laboratory visited. However, due to 

conditions beyond the control of the investigator, revisions 

had to be made. Such revisions included leaving overhead 

doors and windows open during collection. Collection of data 

at each school took an average of 20 to 25 minutes to 

complete. This did not include the time it took to set up 

equipment and to clean up. Before and after completion of 

each data collection, the investigator made sure the 

equipment used in the collection process was running 

correctly. Batteries were removed from the sound level meter 

and calibrator at the end of each day. This insured accurate 

data collection. Also, after completion of collecting data, 

steps were taken to clean up debris created during the use of 

the circular saw and right angle grinder. 

Data Analysis 

The data collected from this study were analyzed by a 

SPSS Macintosh computer program. The data were analyzed to 

determine if noise levels created by the circular saw and 

right angle grinder were within OSHA and NIOSH standards. The 

data were also analyzed to see if the size of the laboratory 

and if the interior wall surface treatments were associated 

with the noise levels within the laboratory. When analyzing 
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the collected data, correlation coefficients and multiple 

regression were used to determine the association between 

dependent and independent variables. Correlation 

coefficients were used to determine the relationship of one 

variable to another variable. In this study, the Pearson's 

Correlation Coefficient r was used to find the association of 

noise levels generated from the circular saw and right angle 

grinder. Pearson's Coefficient is based upon the deviation 

of points where x and y values intersect from the line of 

best fit (Davis 1971). Pearson's r assumes that the two 

variables are continuous and linerly related. Pearson's r 

ranges from a value of -1 to +1. However, when the r is 

close to zero, there may be a relationship but not linearly 

related. In this study it was assumed that the square 

footage, cubic footage, insulation, door position and 

interior surface would be directly related to the noise 

levels from the circular saw and right angle grinder the 

significance level was set at p < .05. 

Once the correlations were derived, stepwise multiple 

regression was used to determine what independent variables 

made the largest contributions. Stepwise multiple 

regressions are used when the researcher has little theory to 

which order independent variables are entered (Davis 1971). 

The independent variables that were used in the stepwise 

multiple regression were lab size, lab volume, insulation, 

door position and interior surface. The indication of how 

27 



powerful a prediction is to a regression model is known as R2 

(Davis 1971) . Also, variables are denoted with the upper 

case letters X or Y followed by a subscript. The independent 

variable of the highest order is assumed to create the 

highest correlation which will produce the greatest increment 

in R2. This variable is then entered to obtain the 

regression criterion on X1 and X2. Significance is then 

listed for R2. This process is repeated until the addition 

of further variables produces no significant increment in R2 

(Howell 1982) . 

The mean, median, mode and standard deviation were used 

to describe the noise levels generated from the circular saw 

and right angle grinder. They were also used to describe the 

lab size. Frequencies and percentages were reported for 

various dependent variables such as: not insulated, 

insulated, door open, door closed, metal and masonry. 

28 



CHAPTER IV 

RESULTS 

The purpose of this chapter is to present data collected 

during the study. The findings are reported for the four 

research objectives. 

Noise Levels in Area Agricultural 
Mechanics Laboratories 

Descriptive data were collected to identify the noise 

levels in area agricultural mechanics laboratories during the 

spring semester of 1992. The mean noise levels of a circular 

saw and a right angle grinder are presented in Table 3. The 

data in Table 3 answers research objectives 1 and 2: 

1. Determine noise levels generated by a circular saw 

at close, intermediate, and long range. 

2. Determine noise levels generated by a right angle 

grinder at close, intermediate, and long range. 

Three readings were taken with both the circular saw and the 

right angle grinder at the source (A), midway between the 

source and the nearest wall (B), and at the nearest wall (C). 

Noise measurements from the circular saw and right angle 

grinder at the source (A) were established to be 104dBA and 

105dBA, respectively. 

Descriptive data were used to determine lab size. Area 

agricultural mechanics laboratories were measured to 

determine volume (CUFT) and area (SQFT) . 
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Table 3 

Mean Noise Levels 

Variable n X SD Range 

Grinder A* 104.00 

Grinder B 29 96.35 1.88 92 to 99 

Grinder c 29 94.10 2.16 90 to 98 

Saw A* 105.00 

Saw B 29 95.03 1.96 90 to 98 

Saw c 29 92.07 2.02 87 to 96 

* Noise levels for the saw and grinder at source were 
104dBA and 105dBA, respectively, in each of the laboratories. 
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The data presented in Table 4 show the mean lab size of area 

agricultural mechanics laboratories. 

During the study, observations were made at each 

agricultural mechanics laboratory to determine if labs were 

insulated or non-insultated, if the door was opened or 

closed, and if the interior structure was metal or masonry. 

Due to the various activities associated with the 

laboratories, it was impossible to control the position of 

the door. The data in Table 5 shows the frequency and 

percentage of these dependent variables. Of the 29 

agricultural mechanics laboratories visited, 6 (20.7%) were 

insulated and 23 (79.3%) were not insulated. The door was 

opened in 14 (48.3%) of the laboratories compared to 15 

(51.7%) of the laboratories in which the door was closed. 

Also, 8 (26.6%) of the laboratories had a metal interior 

structure and 21 (72.4%) were masonry. 

The Association of Noise Levels 
to Dependent Variables 

Descriptive data were used to determine if there was a 

correlation between the noise levels of the circular saw and 

the right angle grinder to the square footage, cubic footage, 

insulation, door and interior structure of the laboratory. 

Table 6 presents data to show the association. Davis (1971) 

designed a method in which to determine the strength of 

association. 
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Table 4 

Mean Lab Size 

Variable n X Mode SD Range 

Volume 29 59,050 30,000 28,539 20,000-126,000 

Area 29 3,743 3,000 1,431 1,750-7,000 

Table 5 

Frequencies and Percentage of Selected Independant Variables 

Variable n % 

Not Insulated 6 20.7 

Insulated 23 79.3 
-----------------------------------------------------------
Total 29 100.0 
-----------------------------------------------------------
Door Open 14 48.3 

Door Closed 15 51.7 
-----------------------------------------------------------
Total 29 100.0 
-----------------------------------------------------------
Metal 8 26.6 

Masonry 21 72.4 
-----------------------------------------------------------
Total 29 100.0 
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Table 6 

Correlation Coefficients 

CUFTf DOORh INTSURi 

Grinder Ba -.113 -.239 .003 -.343 -.178 
Grinder cb -.104 -.241 -.015 -.343 -.224 
Saw BC -.387 * -.448* -.079 -.198 -.229 
Saw cd -.289 -.403* .018 -.245 -.290 

* Significance < .05 

a - grinder noise levels midway between source and nearest 
wall 

b - grinder noise levels at nearest wall 
c - saw noise levels midway between source and nearest wall 
d - saw noise levels at nearest wall 
e - square footage of shop area 
f - cubic footage of shop area 
g - shop area insulated or non-insulated 
h - shop door opened or closed 
i - interior surface metal or masonry 
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Coefficent 

.70 or higher 

.50 to .69 

.30 to .49 

.10 to .29 

.01 to .09 

Description 

Very strong association 
Substantial association 
Moderate association 
Low association 
Negligible association 

As shown in Table 6 there was a moderate association 

between square footage and the noise level of the saw midway 

between the source and the nearest wall. The cubic footage 

had a moderate association with the noise levels of the saw 

midway between the source and the nearest wall and at the 

nearest wall. The grinder noise levels midway between the 

source and nearest wall and at the nearest wall had a 

negligible association with the insulation and interior 

surfaces. All other variables had a low association. 

The Association of Lab Volume, Lab Area, and 
Interior Surface on Noise Levels 

From a Circular Saw and a 
Grinder 

Lab size (cubic footage), and interior structure 

(masonry or metal) were used as independent variables to 

determine the association of noise levels at each 

agricultural mechanics laboratory. They were determined to 

answer research objectives 3 and 4. The independent 

variables, insulation or non-insulation, and door position 

were also used to determine the association of noise levels 

in agricultural mechanics laboratories. These independent 

variables were entered into the stepwise multiple 
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regression but did not enter into the equation. Research 

objectives 3 and 4 are: 

3. Determine the effect of laboratory size (square 

feet and cubic feet) on noise levels. 

4. Determine the effect of interior wall surface 

treatments, insulation or non-insulation, and door 

position on noise levels. 

Stepwise multiple regressions were run on circular saw 

and right angle grinder noise levels at the source, midway 

between the source and the nearest wall, and at the nearest 

wall. The only multiple regression equations which had 

independent variables enter at a statistically significant 

level were: (1) circular saw noise midway between noise 

source and the nearest wall; (2) circular saw noise at the 

nearest wall; and (3) right angle grinder noise midway 

between the noise source and the nearest wall. 

As shown in Table 7 (p. 37), the best predictor in 

determining the effects of noise levels from a circular saw 

measured midway between noise source and nearest wall was lab 

volume and interior surface. Twenty-two percent (R2 = .224) 

of the variance was accounted for by interior surface. This 

shows that the type of interior structure inside an 

agricultural mechanics laboratory does influence noise 

levels. The lab volume accounted for eleven percent (R2 = 

.115) of the variance. In combination, the interior surface 

and lab volume accounted for 34% (R2 = .339) of the variance. 
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This shows that as lab volume increased, noise levels 

measured midway between noise source and nearest wall tended 

to decrease and that metal laboratories were noisier than 

masonry laboratories. 

Table 8 shows that the best predictor in determining the 

association of noise from a circular saw measured at the 

nearest wall was lab volume. The total variance accounted 

for by the lab volume was sixteen percent (R2 = .162). This 

again shows that as lab volume increased, noise levels 

measured at the nearest wall decreased. 

Table 9 shows that the best predictor in determining the 

association of noise from a right angle grinder measured 

midway between noise source and nearest wall was interior 

surface. The total variance accounted for by the interior 

surface was nineteen percent (R2 = .188). This shows that 

the interior surface of an agricultural mechanics laboratory 

does influence the right angle grinder's noise levels midway 

between noise source and nearest wall. Masonry laboratories 

were generally quieter than metal laboratories 

The independent variables lab volume, interior surface 

door position, and insulation were not found to be predictors 

for the right angle grinder at the source, and at the nearest 

wall. 

36 



Table 7 

Stepwise Multiple Regression of Circular Saw Noise Measured 
Midway Between Noise Source and Nearest Wall 

Independent Variables 
Entered Stepwise 
in Equation 

Interior Surface 

Lab Volume (CUFT) 

* p < .05 

Table 8 

Mult . 
.R .R2 

.473 .224 

.582 .339 

E.2 
Change 

.224 

.115 

.df. 

(1,27) 7.80* 

(1,27) 6.73* 

Stepwise Multiple Regression of Circular Saw Noise Measured 
at the Nearest Wall 

Independent Variables 
Entered Stepwise 
in Equation 

Lab Volume (CUFT) 

* p < .05 

Mult. 
E. E.2 

.403 .162 
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.B2 
Change 

.162 (1,27) 5.23* 



Table 9 

Stepwise Multiple Regression of Right Angle Grinder Noise 
Measured Midway Between Noise Source and Nearest Wall 

Independent Variables 
Entered Stepwise 
in Equation 

Interior Surface 

* p < .05 

Mult. 
E. E.2 

.433 .188 
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E.2 
Change 

.188 (1,27) 6.23* 



CHAPTER V 

SUMMARY, CONCLUSIONS, AND 

RECOMMENDATIONS 

This chapter was designed to summarize, provide 

conclusions, and recommendations for this study, and identify 

problems for further study. 

Summary 

The review of literature revealed that noise levels can 

and do present potential health hazards for both teachers and 

students in agricultural mechanics laboratories. The review 

of literature also showed that teachers are aware that 

hearing protection devices prevents hearing loss, but 

teachers often choose not to make them available to their 

students. A study of this nature had not yet been conducted 

in the State of Texas. The need existed for such a study to 

be conducted in agricultural mechanics laboratories in the 

State of Texas. The results could assist teachers in setting 

up hearing conservation programs, and provide students with 

proper hearing protection devices and may allow student 

performance to greatly improve. 

The purpose of this study was to determine noise levels 

generated by various shop equipment often found in area 

agricultural mechanics laboratories and the effect on noise 
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levels due to other factors. This study was designed to 

answer the following research objectives. 

1. Determine noise levels generated by a circular saw 

at close, intermediate, and long range. 

2. Determine noise levels generated by a right angle 

grinder at close, intermediate and long range. 

3. Determine the effect of laboratory size (cubic feet) 

on noise levels. 

4. Determine the effect of interior wall surface 

treatments, insulated or non-insulated and door position on 

noise levels. 

The population of this study was comprised of area 

agricultural mechanics laboratories within a 40-mile radius 

of Lubbock, Texas. Only the researcher and assistant 

participated in the study. Students and teachers were not 

present in the lab during the data collection process. The 

study took place during the Spring Semester of 1992. 

A pilot study was conducted during the early Spring 

Semester of 1992 in the agricultural mechanics laboratory at 

Texas Tech University prior to the actual study. The pilot 

study was performed to allow the researcher to become 

familiar with the equipment and procedures necessary to 

collect data. The pilot study also answered any problems 

incurred at that time. Due to time constraints, data 

collection was generally performed on Wednesdays and Fridays 

ranging from 20 to 25 minutes per laboratory. 
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During collection of data, overhead doors and windows 

wherever and whenever possible remained closed. However, due 

to various laboratory activities, it was impossible to close 

doors in every agricultural mechanics laboratory. Equipment 

was set up in the center of the room. Three noise level 

readings were then taken with both the circular saw and right 

angle grinder at the source (A), midway between source and 

nearest wall (B), and at the nearest wall (C). 

The analysis of the data, collected on noise levels from 

the circular saw and right angle grinder and the effects of 

lab size and interior structure revealed that: 

1. The circular saw generated noise levels that both 

met and exceeded OSHA noise standards at close, intermediate 

and long range. 

2. The right angle grinder generated noise levels that 

both met and exceeded OSHA noise standards at close, 

intermediate, and long range. 

3. Grinder noise levels were higher than saw noise 

levels midway between source and the nearest wall (B), and 

the nearest wall (C) . 

4. Saw noise levels were higher than grinder noise 

levels at the source (A) . 

5. Lab volume (cubic footage) had a moderately negative 

association with circular saw noise measured midway between 

the source and nearest wall (B) . The negative association 

41 



showed that as lab volume increased noise levels from the 

circular saw tended to decrease 

6. Lab volume (cubic footage) had a moderately negative 

association with circular saw noise measured at the nearest 

wall (C) . As lab volume increased, noise levels from the 

circular saw measured at the nearest wall tended to decrease. 

7. Interior Surface had a moderately negative 

association with right angle grinder noise measured midway 

between the source and nearest wall (B) . The negative 

association showed that the interior surface influenced noise 

levels from the right angle grinder measured midway between 

source and nearest wall. 

8. Interior structure had a moderately negative 

association with circular saw noise measured midway between 

noise source and nearest wall (C) . Noise levels from the 

circular saw tended to be higher in metal buildings than 

masonry buildings. 

9. Grinder noise levels had a low to negligible 

association with lab volume. The increase in lab size did 

not reflect an increase or decrease in noise levels generated 

from the right angle grinder. 

10. The independent variables also reflected a variance 

in noise levels midway between source and the nearest wall 

(B) and at the nearest wall (C) . There was no variance in 

noise levels from the circular saw and right angle grinder at 

the source (A) . 
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Conclusions 

The results and conclusions of this study are subject to 

the following limitations: 

1. The study was limited to only agricultural mechanics 

laboratories within a 40-mile radius of Lubbock, Texas. 

2. Equipment used to collect noise levels was limited 

to only a circular saw, and a right angle grinder. 

The following conclusions were revealed based on results 

of this study: 

1. Teachers of agricultural mechanics laboratories are 

exposed to noise levels that exceed OSHA's permissible noise 

exposure standards depending on duration of exposure. 

2. Students in agricultural mechanics laboratories are 

exposed to noise levels that exceed OSHA's permissible noise 

exposure standards depending on duration of exposure. 

3. The interior structure of the laboratory is related 

with noise levels. Metal buildings tended to have higher 

noise levels than masonry buildings. 

4. The lab size does have some correlation with noise 

levels. As lab size increased, noise levels tended to 

decrease. 

5. The location inside the laboratory such as at the 

source (A), midway between the source and nearest wall (B), 

and at the nearest wall (C) reflects a variance of noise 

levels from high levels to moderate levels. 
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6. Based on noise levels generated from the circular 

saw and the right angle grinder, Hearing Protection Devices 

should be worn by teachers and students when operating this 

equipment. 

Recommendations 

Based on results and conclusions the following 

recommendations are suggested: 

1. Noise levels should be determined using other 

equipment found in agricultural mechanics laboratories. 

(e.g., radial arm saw, table saw, planer, welders, etc.) 

2. The study should be expanded to determine noise 

levels in agricultural mechanics laboratories in others areas 

of Texas. 

3. The use of Hearing Protection Devices are highly 

recommended for teachers and students. 

4. When determining the size, and type of interior 

structure, agricultural science teachers who are constructing 

a new agricultural mechanics laboratory should take noise 

levels into account. Generally, larger laboratories are less 

noisy and masonry buildings are less likely to have high 

noise levels. 
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Problems for Further Study 

The following are questions that should be further 

studied concerning noise levels in agricultural mechanics 

laboratories. 

1. What type of hearing conservation program do 

agricultural mechanics teachers make available to their 

students? 

2. What type(s) of Hearing Protection Devices do 

teachers make available to students? 

3. How do noise levels affect the student's performance 

in the State of Texas? 

4. How do noise levels effect the student's ability to 

learn in the State of Texas? 

5. What type of interior structure is conducive to 

lower noise levels? 

6. What is the duration of noise levels to which 

teachers of agricultural mechanics laboratories are exposed? 

7. What is the duration of noise levels to which 

students of agricultural mechanics laboratories are exposed? 

8. What other factors may affect noise levels? 

9. Are students and teachers in other areas of Texas 

exposed to noise levels exceeding OSHA standards? 
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School Code: -------------------

Equipment Used II close Up Reading II Intermediate Reading I I Wall Reading I 

Right Angle Grinder 

Skill Saw 

Building Measurements and Layout: 
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