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PRELUDE
Let there be no noise made, my gentle friends;
Unless some dull and favorable hand will whisper music to my weary spirit.

Shakespeare, Scene V King Henry IV:
"Noise pollution affects human health in many ways that are usually ignored."
Cockerham and Shane (1994, p. 447)
"Noise is no word which would show a neutral or positive meaning in our cultural field.

It does not make us think of a gift nor of something of great welcome, desire, or
consent. In the first place it refers to a frame where negative feelings such as anger,

helplessness, rage, and irritation predominate....I hereafter wish to point out two
examples of collective misbehavior which today have become the most important
producers of noise, i.e., road traffic noise and noise emanating from aircraft."
Aecherli (1993, p. 321).

Aircraft Noise Stress and the Effects on Human Health:
A Cross-Sectional Study in Metropolitan Minnesota

CHAPTER I
INTRODUCTION
Along with the industrial revolution came accelerated economic development and

rapid changes in human communities. Populations shifted from a rural, agrarian
based life style to one of concentrated populations in urban settings. Industrialization
brought the mechanized production of goods, along with the means of transporting
goods and people. Trains, trucks, automobiles, and eventually air transport have

become the essential transportation arteries of the developed world.

These two key dimensions of the modern world; the mechanized production and
transportation of goods to areas of highly concentrated populations, have lead to

unparalleled levels of noise exposure in human history. While short-term and low
intensity noise exposures appear to be relatively innocuous, chronic and high levels
of noise exposure have been shown to result in significant adverse effects on health
and well-being (Kryter, 1985; Tempest, 1985).

Noise exposure results in two main harms to health; (a) direct auditory organ

damage of the hearing system, where the inner hair cells of the corti are injured at
extremely loud noise levels, and (b) indirect nonauditory effects that result from the
psychophysiological reactions to noise as a stressor. Nonauditory effects include
elevated blood pressure, increased coronary heart disease risk, sleep disturbance,
immunological effects, noise annoyance, and possibly adverse mental health.
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This Chapter begins with a brief introduction to the health effects associated with
noise exposure and a discussion of the underlying connection between noise exposure
and the human stress response.

The Effects of Noise on Human Health
Research on the effects of noise on human health began as early as 1713 when
Ramazzini observed the loss of hearing among workers exposed to loud noises.
This adverse impact on the human auditory system, caused by loud and excessive
occupational noise exposures, has been extensively researched (Bahadori & Bohne,

1993; Chen, Chiang, & Chen, 1992; Quirk & Seidman, 1995; Tempest, 1985).
Beginning in the 20th century noise exposure was suspected as a causal agent for
a variety of nonauditory health effects. Nonauditory effects are theorized to occur

indirectly from noise exposure by two interacting pathways; (a) the human stress
response, and (b) immune system modulation.

The human stress response involves

a complex of biochemical reactions that affect the cardiovascular system, hence noise
is implicated in causing cardiovascular diseases, hypertension ( Andren, 1988;

Knipschild, 1980), cardiac arrhythmias (Carter, 1988), increases in mortality rates
due to aircraft noise (Meecham & Shaw, 1993), and noise is also implicated in

increases in fetal heart rate (Kavaler, 1975). The stress response also potentiates
and, over time, depresses immune function; hence noise has been implicated in
delays in wound healing (Wysocki, 1987). Stress has also been implicated in the
increased need for analgesics following surgery (Minckley, 1968).

There are also more general adverse effects on health associated with noise that
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suggest a stress-response linkage; including increases in the incidence of low birth

weight infants and length of gestation (Ando & Hattori, 1977; Hartikainen, Sorri,

Anttonen, Tuimala & Laara, 1995; Nurminen T. 1995); the occurrence of reduced
physical growth in children living near an airport (Schell & Ando, 1991); the
incidence of birth defects (teratogenic, harelip, cleft palate, and spina bifida) among
children of mothers living near airports (EPA, 1978); increased low back pain and
spastic colon (Knipschild, 1977), and higher than expected rates of headaches,
ulcers, colitis, and elevated serum cholesterol (Nadakavukaren, 1986).
Noise exposure can also manifest nonauditory effects in a direct manner by
impacting psychosocial status. Extensive research has shown the effect of increasing

noise and subjective noise annoyance levels (Borsky, 1961; Borsky, 1980;

Mc Kennel, 1973; Nixon, 1965; Tempest, 1985; & Wilson, 1963). Noise has also
been implicated as adverse to mental health. The connection between mental health
and noise exposure was initially shown in a study of increase in admissions to mental

hospitals with increased noise level exposures. This avenue of research has
subsequently incurred extensive controversy in the literature (Abey-Wickrama,

Brook, Gattoni, & Herridge, 1969; Dry ler, 1990; Meechan and Smith, 1977).
The other means by which noise exposure can directly impact human health and
well-being is by sleep disruption. Sleep disruption increases sleep deprivation load,

which results in people being more irritable, pugnacious, and most importantly, more

accident prone (Finegold, Harris, & von Gierke, 1992; Levere & Davis, 1977;
Ohrstrom & Rylander, 1982). Since accidents are the fourth leading cause of death
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and highest source of years of potential life lost in the United States, such an effect
may be particularly important (Pagano & Gauvreau, 1993). Sleep deprivation results

in reduced job vigilance (Cabon, Coblentz, Mollard, & Fouillot, 1993; Smith &
Maben, 1993), thus noise induced sleep loss may also contribute to higher accidents
rates and increased mortality.

Sleep disruption also severely impacts immune system by reducing its ability to

respond to a foreign pathogen or antigen and by reducing its quantitative level of
circulating immune cells, particularly natural killer cells (Kruger & Karnovsky,

1987; & Irwin, 1993).

Stress and Noise
Stress is the human body's biochemical reaction to perceived and/or experienced
threat. Early in human evolutionary history, noise was often a signal of danger or

circumstances that necessitated a physical response, such as attack or retreat from

dangerous animal or neighbor. Hence, the human body's response to noise served as
an adaptive reaction pattern to the stressor (Carlestam, Karlsson, & Levi, 1973).
Human infants still display the startled response to sudden loud noise, and extend

their arms upward to a parent (presumably to enable being quickly carried away from
the threat). In modern society, noise, is typically not a life-threatening signal that
warrants the activation of the human stress response. It is this ongoing activation of

the human stress response, in the acute and chronic forms, that is adverse to human
health and well-being and serves as an underlying theoretical basis for the current
study.
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Considerable laboratory research indicates that noise exposure can result in
activation of the stress response, indicated by increased levels of stress hormones

(cortisol and catecholamines) (Carter, 1989; Carter, 1988). These stress hormones
subsequently result in increased hemodynamic manifestations; such as increases in

cardiovascular blood pressure, heart rate, and cardiac blood output (Colletti, 1987;

Egertsen, et al., 1987; & Kristal-Boneh, et al., 1995).
There is also research evidence linking the exposure to aircraft noise overflights

and the stress response. Both laboratory simulations and community based studies in
Europe found evidence of the stress response to aircraft noise exposure in the form
of increased levels of the stress hormones cortisol and catecholamine (Hygge, Evans

& Bullinger, 1993; Ising & Spreng, 1985; Maschke, et al., 1993; Nikolic, et al.,
1991). Albeit, these studies are not conclusive; they do provide physical evidence of

the theoretical linkage between aircraft noise exposure, the human stress response,

and adverse health outcomes. The current study assessed stress levels and health

measures, to determine if particular dimensions of aircraft noise exposure (i.e., SPL
and frequency of exposure) can differentiate these measures.

The Commercial Aircraft Noise Problem in The Twin-Cities of Minnesota
The Minneapolis/St. Paul Airport (MSP) began in 1926 when Northwest Airlines

(NWA) started an air mail service, on the site of short lived Twin Cities Motor Club
auto speedway that was build in 1915. NWA began passenger service at MSP in
1929 with a 12-passenger Ford Trimotor aircraft (MAC, 1992). Aircraft noise
pollution into surrounding neighborhoods was hardly a significant problem in those
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early days. Today the MSP has expanded from its original size of 325 acres to
cover over 3000 acres. The most significant period of operational growth of MSP

began in the late 1970s and into the 1990s. From 1985 to 1991 total passengers
increased from 14.8 million to 19.3 million per year, representing a 30% increase

(MAC, 1992). By the year 2000, MPS is projected to reach a annual passenger load
of over 30 million, with take-off and landings increasing from the current level of
373,000 per year to 453,000 per year.
As MSP carrier operations have increased, there has been a concomitant increase

in the number of complaints over the past 20 years (Blake, 1993; Stassen, 1996).
Citizen complaints recorded at MASAC headquarters have averaged 25,000 per year

over the past ten years, reaching a peak of 32,000 in 1994 (MASAC, 1995).
Typically these complaints centered on the loudness of the aircraft and the frequency

of the overflights. There are several facets to this problem. First, surrounding MSP
airport is predominantly high density residential housing that is situated in close

proximity to the runways. Second, the runways are pointed directly at the residential

communities. For example, runway's 29R and 29L take off into the south
Minneapolis and North Richfield communities. Third, the main commercial carrier
at MSP airport is NWA, which has the oldest and, hence loudest, proportion of

aircraft of all the major carriers (Royce, 1994). The ANOMS project has shown
that these neighborhoods are experiencing noise events exceeding 110 dBA
(MASAC, 1995). It is interesting to note that police even report that burglars often

use airplane noise to mask home break-ins (Royce, 1994).
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Aircraft noise pollution has resulted in a huge array of citizen and governmental

activity in the Twin Cities. At the governmental level the Metropolitan Airports
Commission, on behalf of Metropolitan Airport Sound Abatement Commission

(MASAC), received an FAA grant in 1992. This grant helped to establish and
maintain an aircraft noise surveillance system, to collect citizen noise complaints,

and to incorporate aircraft tracking data. MASAC is an advisory board created in
1969 composed of interested citizens, airline representatives, state agency personnel,

and university faculty. The MAC project is called ANOMS, which is currently the
most sophisticated approach used in the world (MAC, 1992).
ANOMS has three main components; (1) continuous noise monitoring at 24
permanent remote monitoring towers (RMT) located in neighborhoods surrounding

the airport (See: Appendix RMT Map), (2) continuous radar information from the
FAA Terminal Radar Control (TRACON) facility, and (3) a 24 hour per day
complaint phone bank for reporting aircraft noise complaints from the public.

ANOMS has a central computer that stores all the noise level data, and calculates the

number of "noise events" per day (i.e., when 65 dBA is exceeded for a duration of
ten). MASAC has made available the data from the RMTs, which was utilized in
this study.

MAC also operates a home buy-out program and home sound-proofing program

as part of its response to citizen complaints. As of mid-1994 MAC has spent $15
million on home sound-proofing, and plans to spend a total of $140 million on this

program (Pioneer, 1994). Recently MAC and the State of Minnesota have decided
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to plan for a major expansion of the existing airport facility rather than build a new
airport at an entirely different location.
Aircraft noise generation and the impact on the neighboring communities of the

MSP airport is a high profile, contentious, social and political issue in the Twin
Cities of Minnesota. The neighborhoods are currently impacted by severe CAN
levels, such that significant resources have been allocated to the ANOMS project to

better understand the dimensions of the problem. The current study was directed to
an aspect that ANOMS does not consider; namely the potential adverse health
consequences of CAN exposure.

Statement of the Research Problem
There is considerable research linking stress and human disease (Krantz &

Mauck, 1983; Herbert & Cohen, 1993). The principal interrelated mechanisms of
this connection is based on the hormone reactivity of the cardiovascular system, and

the modulation of the human immune system (Kiecolt-Glaser, 1988; O'Leary, 1990;
Vollhardt, 1991). Clinical laboratory research and community-based studies have

determined that noise exposure can precipitate a stress response (Carter, 1989;

Cavatora, et al., 1987; Kristal-Boneh, et al., 1995).

Studies in Europe and Asia

have found increased levels of stress response hormones of corticotrophins and
catacholamines in subjects exposed aircraft noise both in laboratory simulations and

in community-based contexts (Hygge, Evans & Bullinger, 1993; Maschke, et al.,
1993; Nisi & Muzet, 1988).
No research has previously been done in the United States to assess the possible
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community-wide impact of CAN exposure on human health and well-being.
Specifically, previous research has not determined the impact on human health based

on CAN exposure types measuring both frequency and intensity of aircraft
overflights. In addition, no research has addressed whether a person's coping

strategy has any effect on health outcomes based on the CAN exposure type. This
study assessed the association between noise sensitivity (NS) and levels of noise

annoyance (NA), and the ability of NS to predict NA.

Purpose of the Study
The purpose of this study was to assess the health impacts of CAN exposure, as
an environmental stressor, in a community-wide setting. This study included three

main measures of health; general health, sense of vitality, and mental health. In
addition, four measures of stress related health were assessed. These included stress
symptoms, stress symptom severity, and stress medication usage. Finally, this study

addressed the impact of coping strategy on health measures among the CAN

exposed. The health consequences of two main forms of coping were considered in
this study; (a) behavioral coping, which is a problem-solving approach to managing a
stressor, and (b) emotional coping, which involves changing the meaning of the
stressor and adapting to it.

Research Questions
The following research questions were examined in this study:
1.

Are there significant differences in stress levels based on CAN exposure type?
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2. Are subject's health measures significantly different by CAN exposure type?
3. Do subjects experience more stress symptoms by CAN exposure type?
4. Is the severity of stress symptoms different by CAN exposure type?

5. Are there significant differences in the use of stress-related medications based on
CAN exposure type?

6. Are there significant differences in the use of behavioral coping strategies among
CAN exposed types?

7. Are measures of health independent of behavioral coping?
8. Are there significant correlations between health measures and emotional coping
by CAN exposure type?

9. Do subjects differ on their level of noise sensitivity and noise annoyance by
CAN exposure type?

10. Does noise sensitivity predict noise annoyance among the CAN exposed, and is
this impacted by CAN exposure type?

11. Are health measures significantly different after adjusting for effect modifiers by
CAN exposure type?

Significance of the Study
There are a great many sources of stress in modern urban societies, and research
has shown the multiplicity of adverse effects of stress on human health and well-

being. The community-wide health effects of noise, as an environmental stressor,
have been sparsely researched in the United States, and this is particularly true

regarding noise generated by aircraft overflights. Every day in the United States
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people are exposed to severe noise levels from commercial aircraft, from
approximately 500 million passenger-miles flown each year in the United States.
(Horonjelf & McKelevy, 1994).

Noise pollution has been recognized internationally as a public health problem for

over 30 years, yet few studies have been undertaken in North America. The current
study considered the stress and health effects of two specific dimensions of aircraft

overflights, that of sound intensity and frequency. In addition, the potential
modulating effects of behavioral and emotional coping on health measures was
assessed among the CAN exposed.

Delimitations
This study had the following delimitations:

1. The subjects sampled were from the Twin Cities Metropolitan area of Minnesota.

2. All subjects had to have the ability to read English, understand, and physically
complete the paper-pencil questionnaire.

3. All participants were adult home owners to insure long-term exposure to CAN; as
such renters were excluded from the study.

Limitations
This study had the following limitations:

1. The study design used a cross-sectional survey, where health outcome and

exposure status were measured at the same time. This design limits our ability to
make causal inferences from the results. This study was based on point prevalence,
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since only individuals that were currently surviving their diseases will be able to
participate in the study (Szklo, 1987).

2. The study did not collect biochemical markers for stress response, such as urine
and blood samples, to ascertain levels of cortisol and/or immunological assessments,

which would have served as a valuable proxy measures of stress response (Vine &
Hulka, 1995).
3. Data were dependent on the accuracy and honesty of subjects who responded
(Foddy, 1993).

Definition of Terms
The following terms were defined for use in this study:
1. CAN: Commercial aircraft noise.

2. dBA: A sound unit of measurement based on the logarithm of the ratio of the
sound pressure of the signal to a reference pressure (.0002 dynes per centimeter

squared, where one dyne equals the force that will accelerate one gram to a speed of
one centimeter per second squared.
3. FAA: Federal Aviation Administration.

4. MAC: Metropolitan Airport Commission.
5. MASAC: Metropolitan Airport Sound Abatement Council.

6. NA: Noise annoyance, the subjective experience of being bothered, disturbed,

and/or distress over a noise and its source.
7. NS: Noise sensitivity, a person's subjective or endogenous reactivity to noise.
8. RMT: Remote monitoring tower, used by MASAC to collect noise data from 24
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monitoring sites in the Twin Cities Metropolitan Area of Minnesota.
9. Stress: The psychological and/or physiological discomfort experienced when
environmental demands exceed an individual's coping resources.

10. Stressor: A feature of the environment or agent that can initiate or cause the
human stress response.
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CHAPTER II
REVIEW OF LITERATURE
Research on the effects of noise exposure on human health and related stress
research, has expanded significantly in the 20th century. Initially, noise research
focused on the adverse impact of occupational exposure to high sound levels on the
human auditory (hearing) system. Within the last thirty years the emphasis has

shifted to the potential hazards of community noise exposure, as those in the public

health profession began to consider this problem. Nearly all of the nonauditory
community based research has been done in Europe.

The current study was the first in North America to assess the community-wide
stress and health effects of commercial aircraft overflight noise (CAN). It

considered two primary aspects of CAN; (a) that of the sound levels (dBA) and (b)

the quantity of these overflights. Four distinct communities were identified that
represented the four possible combinations of dBA and frequency of CAN. The
subject's stress and health levels were measured using validated and standardized
assessment scales.

The following literature review was designed to provide an overview of the
nature of sound and its measurement, and to assess the possible relationships between

excess noise, stress, and subsequent negative health effects. As such, all available
literature focusing on the research findings in the above areas was reviewed. This
review is divided into six main sections, with subsections as necessary.

Part I begins with a definition and overview of the nature of sound and its
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measurement. The unique physical characteristics of sound that are generated by
modern commercial jet aircraft is reviewed.

Part II is designed to establish the link between stress, health effects, and noise as
a stressor. It begins with an overview of the physiology and biochemistry of the

human stress response, followed by the research that establishes a connection
between stress and disease. Finally, the evidence that noise per se can serve as a

stressor (i.e., an agent that is capable of manifesting a stress response) is considered.
Part III reviews the research on the adverse health effects associated with noise

exposures. This topic begins with a review of the literature regarding occupational
and traffic noise exposure and the adverse effects on health. The effects of aircraft
noise on mental health and physical health are reviewed, followed by noise and sleep
disturbance.

Part IV reviews coping theory, and the constructs of noise annoyance, and noise
sensitivity. Coping theory indicates that two primary strategies are employed when a

person confronts a stressor (i.e., behavioral coping and emotional coping). Coping
theory was employed in the current study to assess its potential for modulating health
status among the CAN exposed communities. The association between levels of noise
annoyance (NA) and noise sensitivity (NS) was to determine if NS could predict NA

based on four types of CAN utilized in this study.
Part V undertakes a historical overview of the regulation of noise pollution in the
United States. Finally, Part VI presents a summary of previous research, the

limitations of the current CAN and health research, and delineates the overall
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research model employed in the current study.

Sound Versus Noise
Noise is unwanted or excessive sound and is not entirely definable on the basis of

the physical properties of sound. For example, the owner of an airline thinks of
profits when hearing commercial aircraft turbines, while an automobile mechanic
uses engine sounds to diagnosis and administer repairs.

Sound is produced when an

energy source propagates alternations of air pressure that a human hearing system

can register (Cohen & Weinstein, 1981). Sound becomes noise, for most of us,
when one or more of the following happens: (a) the sound is uninvited or lacks direct
controllability by the receiver (b) the sound causes ear pain or physical damage, (c)
when it interferes with the obligate cycles of human rest, and (d) we experience

distress over the exposure. In addition, there may be cultural dimensions that impact

the process of sound becoming noise (Namba, 1993). The term "noise", on the
other hand, is commonly applied to sounds that are unpleasant or disagreeable

(Bahaderi & Bohne, 1993). Noise has been defined as "an audible acoustic energy
that adversely affects the physiological or psychological well-being of people"

(Kryter, 1985, p. 1).

The Physics of Sound and Measurement
Sound has several distinct physical properties. It consists of a series of vibrations

of air molecules and is therefore a type of mechanical energy. The count of
vibrations per second is the frequency of the sound and is measured in Hertz or
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cycles per second. This is crucial because human hearing can detect sounds more
readily depending on their frequency, or Hertz. The spectrum of human hearing is
generally agreed to range from 20 to 20,000 Hertz (Cowan, 1994).
To understand how sound works consider the example of a cello string that has

been plucked once. The string vibrates back and forth pushing against air molecules
and creating regions of high pressure called waves of compression and low pressure

regions called waves of rarefaction (Rahn, 1984). One sound wave is composed of a
region of high and low compressed molecules. These waves travel outward from the
cello, yet the air molecules (just like water molecules in an ocean wave) do not

move. The energy from the plucked string is transferred kinetically through the air
molecules.

The velocity of sound is dependent on the medium of transmission. Typical
atmospheric speed is 335 meters per second (1,128 ft/sec), and varies with
temperature and humidity (sound and temperature are directly related). The wave
length is the distance between the two crests of the repeating sinusoidal waves, and is
related to the speed of sound by the following formula:

w = c/f
where w = wavelength, c = speed of sound, and f = frequency (Cutnell &
Johnson, 1995). Hence, as a sound's Hertz increases, its wavelength shortens,
resulting in higher "pitched" sounds. The loudness of a sound is a function of the
wavelength and the intensity of energy moving the sound waves. Popping a paper
bag versus firing a 9-mm semiautomatic revolver illustrates the difference in the
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amount of energy that is propagating the sound waves, and this is reflected in an

increase in the amplitude of the wave. Loudness decreases with distance from the
sound source because (a) sound intensity declines as the area the sound is attempting

to cover increases, and (b) sound energy converts to heat and is absorbed by medium
constituents (Halliday, Resnick & Walker, 1993).
Human hearing responds to sound pressure levels (the sound wave fluctuation)
from 2 x 10-5 N/m2 to 20 N/m2 (Newtons per meter squared), representing a range of

1 to 1 million in sound pressure levels. Given this extremely large range of
intensities of human hearing, a logarithmic intensity scale was devised termed the
decibel scale. Accordingly, the intensity of a given sound is defined as
LW = 10 x Log (W /Wref)

where LW = one decibel (sound power level), W = watts of measured power, and
Wref = a reference power of 1 x 10-12 watts (Cowan, 1994, Sears, Zemansky, &

Young, 1987). When W = Wref, then the decibel reading is 0 dB. The sound
pressure level (SPL) is commonly measured in noise assessments and is proportional
to the squared acoustical pressure, calculated as follows:
SPL = 10 x Log (132 / P2red

where P = measured acoustical pressure (the square root of the average squared

pressure fluctuation over some brief period of time), Pf = reference pressure of 2 x
10' N/m2, that corresponds to the threshold of human hearing.
A 3 dBA increase manifests a doubling of SPL, however most people experience a 6
to 10 dB increase in SPL as a doubling in loudness (Horonjeff & McKelevy, 1994).
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The human auditory system exhibits variation in sound sensitivity across the

frequency spectrum. Frequencies from 2000 to 4000 Hertz sound louder than
frequencies below or above this range. To adjust for this difference the A-weighted
sound level scale has been developed and is incorporated into all noise measuring and

monitor equipment. For environmental noise assessment, the A-weighted scale is

used exclusively and denoted by 'dBA'. Typical environmental sound levels in
decibels and human response are indicated in Table 1 below (Talbott & Craun,
1995). Jet engines in close proximity have the highest dBA levels. Auditory

damage begins with sound exposures greater than 88 dBA (Temptest, 1985). Sound
levels exceeding 125 dBA exceed the human pain threshold, and as such are

experienced as pain (Talbott & Craun, 1995; Wall & Melzach, 1994).
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Table 1
Sources, Sound Levels, and the Human Responses
Source

Sound Level

Human Response

Jets Engines (nearby)
Jet Takeoff (100-200 ft)
Rock Concert (varies)
Symphony Orchestra

140
130
130
110

Beyond pain threshold (125
dBA).

Discotheque/Boom box
Thunder (near)
Stereos ( >100 watts)

120
120
110-125

Chain Saw
Jackhammer
Snowmobile
Jet Flyover (1000 ft.)

110
110
105
103

Electric Furnace area
Garbage truck
Farm tractor

100
100
98

Motorcycle (25 ft.)
Lawn mower/food blender
RV and TVs
Diesel Truck (40 mph, 50 ft.)
Washing Machine
Dishwasher

90
85-90
70-90
84
78

Very annoying, 85 dBA level
at which hearing damage
begins (8 hour exposure).

Typical City Traffic
Garbage disposal
Vacuum Cleaner, Hair Drier

80
80
70

Annoying, interferes with
conversation, constant
exposure may cause damage.

50-65
50-60
40
30

Comfortable (under 60 dBA).

Normal Conversation
Quiet Room

Threshold of sensation (120
dBA).

Regular exposure of more
than 1 minute risks
permanent hearing loss (over
100 dBA).

No more than 15 minutes,
unprotected exposure.

Refrigerator (varies)
Very quiet.
Whispering
Human Breathing
10
Just audible.
rom: 'Talbott, et al.,
.
Noise induce ear ng loss: A possible marker for
high blood pressure in older noise-exposed populations. Journal of Occupational
Medicine, 32, 685-689.
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Commercial Aircraft Noise
Commercial aircraft noise (CAN) has several unique characteristics. The
propagation of CAN into residential communities is essentially unobstructed by any

intervening structures (trees, buildings, topography), and the acoustical power of jet

aircraft is much greater than conventional sources of noise (Jones, 1979). CAN is
produced by two main sources on modern jet aircraft; machinery noise created by

moving parts of the engine (fan, compressor, and turbine blades), and by high

velocity exhaust gas from the main body of the jet engine. The jet engine is
essentially a tube with a compressor that takes in air and compresses it, a combustion

chamber where fuel is burned, and a turbine. The hot gases released from the
combustion chamber rotate the turbine blades much like wind turning a windmill

(Burns, 1973; Horonjeff & McKelvey, 1994). The main cause of jet noise is from
the mixing of high-velocity exhaust gas discharged to the ambient air. Jet noise is
the dominant source of external noise during take-offs, and mechanical noise is
salient during approaches and landings.

Today's modern commercial jet aircraft produce very high intensity sound

exposure levels compared to other sources of sound. Research in the Netherlands
found that people did experience commercial aircraft sound as more disturbing and
distressing when compared to other external sound sources (Passchier, 1993). It is
intensity and frequency of sound generated by commercial aircraft overflights and the
resulting stress that humans experience that is the focus of the current study (Rice,
1992).
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Stress and Noise
This section presents the human stress model, including physiological operations

and structures, and the two pathways (hormonal and nervous system) of the stress

response. This is followed by two subsections that review the research that
implicates stress as factor in human disease causality, and evaluates the research
evidence that noise is capable of generating a human stress response.

Stress Physiology and Biochemistry
The term "stress" has been defined as "that quality of experience, produced
through a person-environment transaction, that through either over-arousal or underarousal, results in psychological or physiological distress" (Aldwin,

1994, p. 22).

The stress response is initiated by the perceptual interpretation of an endogenous or
exogenous stimulus as being potentially harmful to the well-being of the individual.

This response is both a psychological and a physical preparation of the body for the

individual to take appropriate action. Walter Cannon (1939) first termed this systemwide arousal as the "fight-flight" reaction. Cannon argued that this reaction to a
perceived stressor was a general or nonspecific response; in other words, the body
responds to all potential harms in the same manner whether or not the threat was
actually relevant. Cannon's model of stress was expanded by Hans Se lye, and
termed the General Adaptation Syndrome (Se lye,

1982).

Seyle categorized the stress

response into stages as follows: (1) Alarm Phase, when prepares the body for fight
or flight,

(2)

Resistance Phase, when the body attempts to return itself to hemostats,

and (3) Exhaustion Phase, when the body's resources to maintained the heightened
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state are depleted resulting eventually in disease and death (Sarafino, 1994). Cannon
originally proposed that the stress response could be both adaptive and harmful to
health if the highly aroused state were maintained.

The primary site of the stress response resides with the two adrenal organs that

located retroperitoneally at the upper pole of each of the kidneys. Each adrenal
gland is composed of two functionally separate glands; the inner medulla and the

outer cortex. These glands are both involved in the stress response by means of two
distinct pathways, (a) the autonomic nervous system (which activates the medulla),

and (b) the hormonal system (which activates the cortex) (Henry, 1991; Pedersen,
Golden, Petitto, Evans & Haggerty, 1994).
The autonomic nervous pathway begins by activating the limbic system. This
limbic system is the entire neuronal circuitry that controls emotional behavior and

motivational drives (food, mating, emotions). An important structure of the limbic
system is the hypothalamus gland which functions to control a variety of
physiological processes in the human body. Its principal role in stress response is to

stimulate the anterior pituitary gland by means of cortical releasing factor (CRF).
CRF in turn, induces release of adrenocorticotropic hormone (ACTH) which travels

to the adrenal cortex. ACTH activates the cortex cells to produce powerful stressresponse hormones known as corticosteroids. Corticosteroids come in three

subforms and have the following functions: (1) Mineralocortricoids stimulate the

kidneys to retain sodium (Na +) and excrete potassium (K+), (2) Glucocorticoids
regulates glucose metabolism, and (3) Cortisol which inhibits the breakdown of
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catecholamines and upregulates (increases) the body's response to catecholamines.

The hormonal stress response can be summarized as in Figure 1.

Figure 1
Hormonal Stress Response
Stressor ---> Limbic Stimulation , Hypothalamus Release of CRF >
Stimulation of Pituitary Gland > Release of ACTH > Activation of
Adrenal Glands > Release of Corticosteroids ' Stress Response

The nervous system pathway of the stress response involves the autonomic

nervous system and the sympathetic division. The sympathetic system has
preganglionic fibers that exit the first thoracic to the second lumbar, and is activated

by the acetylcholine neurotransmitter for all preganglionic fibers (Fox, 1993). The
adrenal medulla is innervated by preganglionic sympathetic fibers, and when
stimulated secretes catecholamines (epinephrine and norepinephrine) into the blood.
These hormones produce the stress-response by means of sympathetic activation,

which includes; (a) increase in blood pressure, (b) increase in blood glucose, (c)
increase glycolysis, (d) decreased digestion, (e) heightened mental alertness, (0
increased blood coagulation, and (g) suppression of immune function (Guyton, 1991).
This distinction between the two pathways of the stress-response is important for

the purposes of this study. The adrenal medulla, because it is innervated, releases
catecholamine hormones within seconds, while the adrenal cortex, not being

innervated, releases cortisol hormones at a slower rate. Thus, the catecholamines are
activated by short-term stressors and the corticosteroids are released based on long-

25

term or chronic stress. CAN exposed subjects may be experiencing a stress response
from both the innervated and the hormonal pathways; the former experienced as
short-term stress, and the latter as long-term stress.
Recently it has been postulated that noise exposure can precipitate a chronic

activation of the adrenal cortex stress-response. As such, exposed persons may have
their health continually and negatively impacted by this long-term corticosteroid

release (Brindley & Rolland, 1989). This is referred to as the 'sustained activation
hypothesis' (or reverberation), which states that subjects exposed to an ongoing
stressor maintain a tonic activation that would eventuate in manifest somatic

pathologies (Ursin, 1991). In other words, subjects are maintaining an ongoing
stress-response sustained by the continuous activation of the adrenal glands. Thus,
being chronically stressed a person's health would eventually decline (Andersen,
Kiecolt-Glaser & Glaser, 1994).

Stress and Human Disease
The relationship between stress and the onset of many human disease processes

has generated a considerable body of literature; and yet the details of the clinical
mechanisms are not fully agreed upon (Mc Ewen & Stellar, 1993). There is
consensus on the primary model of stress and human diseases, which involves (a)
down-regulation of immune function and (b) direct over-activation of the
cardiovascular system by hormones of the central nervous system (Herbert & Cohen,

1993; Kiecolt-Glaser & Glaser; 1988, O'Leary, 1990; Sgoutas, et al., 1994;

Vollhardt, 1991). Both of these pathways are, of course, modulated by
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psychophysiological transactions that occur through the cognition-limbic system
nexus.

There is also substantial research evidence that implicates stress as harmful to

human health. The most extreme example links excessive stress directly with
mortality by causing coronary arteries to spasm, and precipitation of a mycardioinfarction or sudden arrhythmia death (Allen & Patterson, 1995; Wolf, 1995).
Considerable research has been done regarding the relationship between stress and
the cardiovascular system and hemodynamic changes. Stress has been shown to

increase blood pressure, resulting in blood vessel ruptures that produce hemorrhagic

strokes or aneurysms (Hanson, Schellekens, Veldman & Mulder, 1993; Smith &
Gallo, 1994).
Ongoing stress has also been shown to increase low density lipoprotein (the LDL
that transports cholesterol into the intima cells of the coronary arteries) and
cholesterol circulation which accelerates atherosclerosis (Girdano, Ever ly & Dusek,

1993; Hafen, Karren, Frandsen & Smith, 1996). Atherosclerosis and clinical
coronary disease have been linked with sympathetic activation by a substantial body

of research (Krantz, & Manuck, 1983; Manuck, Kaplan & Matthew, 1986; Niaura,
Stoney & Herbert, 1992; Stoudemire, 1995). The hypothesis is that stress hormones,
(e.g., catecholamines), injure the coronary arteries and thus contributes to the
development of cholesterol adhesion and eventually coronary heart disease (Baum &
Singer, 1987).

Afflictions of the gastrointestinal (GI) tract are shown to be caused by or are
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aggravated by stress (Eliot, 1992; Eliot, 1993; Lown, Desilva & Reich, 1980;
Mulvihill, 1991; Sanbower, 1990; Weiner, 1992). Specific examples include the
association between stress and ulcerative colitis, and regional enteritis or Crohn's

Disease (Lechin, et al., 1994; Levenstein, et al., 1994).
There is also considerable research regarding stress and the initiation and/or
aggravation of inflammatory bowel disease (IBS) (Caudell, 1994; Fukudo, Nomura,

Muranaka, Taguchi, 1994; Tache, Monnikes, Bonaz, Rivier, 1993; Turnbull &

Vallis, 1995; Winrow, et al., 1994). Stress has been shown to increase the risk of
developing clinical symptoms for patients with IBS, suggesting that stress plays a

role as a co-morbid factor in the etiology of IBS (Duffy, et al., 1991).
In the past ten years considerable research findings have demonstrated the close
interaction between the stress-modulated endocrine system and the immune system.

Specifically, stress has been shown to impact the human immune system by reducing
its quantitative and functional capacities to protect the human body (Knapp, et al.,

1992; Naliboff, et al., 1991; Schlesinger & Yodfat, 1991). Community exposure to
long-term psychological stress has shown significantly reduced levels of B-

lymphocytes, NK cells, and T-suppressor/cytotoxic lymphocytes, and significantly
higher antibody titers to herpes simplex virus (McKinnon, Weisse, Reynolds,

Bowles, & Baum, 1989). The stress response releases powerful hormones (e.g.,
catacholamines and corticosteroids) that directly cause a suppression of immune

function as indicated by reduced natural killer (NK) cell activity and diminished T-

cell proliferation (O'Leary, 1990, Sternberg, 1995). It has also been postulated that
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the stress response can indirectly impact human immune functioning by means of
decreased anterior pituitary release of proopiomelanocortin (POMC), a precursor
molecule for beta-endorphin (Eller, 1995). T-cell (CD4) lymphocytes have receptor

sites for Beta-endorphin. Thus, Beta-endorphin, when present, can increase T-cell
function and population (known as lymphocyte trafficking), and its absence would

result in reduced lymphocytic trafficking (Pert, Ruff & Weber, 1985).
The immune system can develop an offensive response not only to invading
pathogens but also to nonliving substances that the body comes in contact with.
These substances are termed "allergens", since they provoke an immune system only
after an initial contact that sensitizes the immune system (Boyd, 1995). Stress has

been implicated in the exacerbation of an allergic reaction known as Type I
(mediated by immunoglobulin E), which results in dermotologic urticaria and

psoriasis (Al'Abadie, Kent & Gawkrodger, 1994; Gupta & Gupta, 1995; Shirakawa
& Morimoto, 1991).

The immunological change that results from an allergic

reaction is observed for both physical as well as psychological stressors, however

these reactions occur most often when the form of a stressor is beyond a person's
immediate or direct control (McKinnon & Weisse, 1989; Schleisinger & Yodfat,
1989).

Stress is also associated with acute morbidities such as bronchial asthma,
migraine headache syndrome, and pre-eclampsia or pregnancy related hypertension

(Goland, Conwell & Jozak, 1995; Scharff, Turk & Marcus, 1995; Teshima, Irie,
Sogawa, Nakagawa, Ago, 1991; Ur & Grossman, 1992).
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Another form of stress related morbidity are the acute infectious diseases, yet the
research literature connecting stress with infectious maladies is fairly limited in scope

(Choen & Williamson, 1991; Jemmott & Locke, 1984; Peterson, et al., 1991).
Stress is considered a contributing factor in infectious disease susceptibility and

outcomes. This connection between stress and infectious diseases is based, in part,

on the recent discovery that many of the immune system cells have receptors for

stress hormone neurotransmitter (Sheridan, Dobbs, Brown & Zwilling, 1994). Most
of the research on immunomodulation and infectious diseases has been done on

highly trained college and professional athletes. Heavy exercise training is a stressor
on the human physiology, and has a depressive effect on T-cells, NK cells, and on
the production of interlukin (a chemical stimulate of the immune system). Over the
years physicians and trainers have documented increased infections associated with

high demand athletic events (Brenner, Shek, & Shepard, 1994; Shepard & Shek,
1994).

A fairly new form of stress pathology is termed 'Post-Traumatic Stress

Syndrome' (PTSS). PTSS is based on the idea that exposure to a singularly salient
psychosomatic stressor can be etiological for subsequent pathologies (Davidson &

Baum 1986; Mason, Gil ler, Kosten & Harkness, 1988; Spitzea & William, 1987). A
recent prospective study adds support to the concept of PTSS. The research involved

long-term followup of Nazi concentration camp survivors. The study found that of
those who survived their interment, 50% were more likely to die of coronary heart
disease, cancer, or other diseases compared to a matched control cohort (Grossarth-
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Maticek, Eysenck & Boyle, 1994).

In summary, stress is a suspected cause or contributor to a great variety of
human pathologies. The stress-disease model operates either indirectly by depressing
the immune system, which reduces the body's ability to defend itself from infectious
agents or malignant cells, or works more directly by means of hormonal assaults on
the cardiovascular system and hemodynamic modifications. Stressors can come in a

variety of forms that are either internally and externally derived. Noise originating
external to the home from commercial aircraft overflights was the stressor considered
in the current study.

Noise As A Stressor
Previous studies support a link between stress and human disease. A stressor,
either physical or psychological, is as agent that can provoke the human stress
response.

There is also mounting research evidence from laboratory and community

studies that noise can be a stressor. This is the underlying theoretical basis of the

current study; that noise can act as stressor and precipitate an acute and/or chronic
stress response. It is postulated that the stress-response is one of the major

contributors to the morbidity in the noise exposed subjects.
Considerable research regarding hemodynamic reactions to noise has been

accomplished, both in laboratory and in field research (Fehm-Wolfsdorf, et al.,
1993). Traditional measures of heart rate, blood pressure, peripheral

vasoconstriction, and stress hormones (catecholamines, corticosteriods) have shown

dose-response effects with noise exposure (Wright & Dismukes, 1995; Vera, Vila,
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Godoy, 1994; Zahr & Balian, 1995).
In a laboratory setting, assessing the hemodynamic effects of loud noise
exposure, researchers claimed to have measured activation of the human adrenal

medulla. The study employed a repeated measured design, which means that
subjects served as their own controls. Hemodynamic measurements were taken

before and after a loud noise exposure. Results indicated increased heart rate,
increased blood pressure, and increased peripheral vascular resistance compared to

baseline (Eggertsen, et al., 1987).
A similar study involved exposure to different meaningless noises, while subjects
were asked to perform specific tasks. Results indicated increased heart rate, and

increased systolic/diastolic blood levels (Carter, 1989). Increased blood pressures
were also found among military personnel firing medium artillery guns in their
training sessions (Carter, 1988). Industrial workers exposed to high noise levels
have demonstrated higher levels of adrenal hormones and increased arterial

hypertension (Cavatora, et al. 1987).
In a more current study among industrial workers exposed to noise in Israel

(n=3000), heart rates differed depending on the level of noise exposure. Resting
heart rates in both male and female workers were higher as noise levels increased
(Kristal-Boneh, et al., 1995). A community-based study examined blood pressure
levels among children attending a preschool located near a roadway that generated
considerable traffic noise. Results indicated significantly higher systolic and diastolic

blood pressure levels from their expected percentiles (Regecova, Kellerova, 1995).
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A study in France, using an experimental design (i.e., random assignment of
subjects) exposed subjects to simulated sounds from jet aircraft, trucks, trains, and
motorcycles while in the awake state and while asleep (when asleep the overall dBA

was reduced by 15 dBA). Autonomic responses were measured by the amplitude
heart rate and the amplitude of finger pulse. Each autonomic measure was

significantly higher when the noise exposure occurred in the sleep state. No gender
differences in response were noted during the awake state noise exposures, but males
presented with larger heart rate responses than females during the sleep state

exposures, while females had larger finger pluses than males (Nisi & Muzet, 1988).
These results suggest a gender based differential in noise-induced stress responses
during sleep.

Several key studies confirm the presence of cardiovascular modifications of heart

rate and blood pressures following a noise exposure, and go one step further by
simultaneous measuring changes in levels of actual stress hormones. A laboratory

study played tape recordings of low level military flights to subjects. The sound
exposure level was 70 dBA and resulted in increased blood pressure levels, increased
levels of cortisol, and no significant increases in catecholamine levels (Ising &

Spreng, 1985). Recently a study in Germany, with a repeated measures design,
measured the stress hormonal responses to night aircraft noise. The study controlled
for noise levels and frequency, along with personality traits and day-time alcohol
consumption. Significant increases were found for both catecholamines; epinephrine
and norepinephrine, with a dose-response evident for increasing sound levels (55, 65,
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and 75 dBA) (Maschke, et al., 1993).
In a community-based study near the Beograd airport in Croatia, stress hormone
levels were analyzed in the first trimester of pregnant women living in a small
suburban community near the airport. Aircraft noise levels were recorded and

ranged from 75 to 85 dBA.

Exposed subjects showed increased cortisol and

cortisone levels compared to controls. (Nikolic, et al. 1991). Similarly, a study of
children residing near the Munich airport who were chronically exposed to aircraft
noise, found significant increases in the catecholamine levels of epinephrine and

norepinephrine compared to controls (Hygge, Evans & Bullinger, 1993). These
community studies taken together appear to substantiate a stress-response due to
aircraft overflight noise.

While studies that specifically assessed the impact of aircraft noise on human
stress hormones are not conclusive, they do suggest that sound from aircraft can be a
stressor and initiate the human stress-response. This is particularly evident by the

measured changes in the blood and urine levels of the stress hormones. In summary,
for the purposes of the current study, it was theorized that commercial aircraft
overflights are a source of sound (with a frequency and magnitude) able to evoke a
stress response and thus, have an impact on selected health measures (See: Figure 2).

Figure 2
CAN Exposure and Health Status

CAN Exposure > Human Stress Response >
Increased Stress Load

Adverse Health Status
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Noise and Adverse Health Effects
This section begins with the research linking noise exposure with cardiovascular

disease. Adverse effects of aircraft noise exposure are considered, along with its
effects on mental health and human sleep.

Occupational and Traffic Noise Effects on Health
A study in Zagreb investigated long-term occupational exposure to noise levels
exceeding 85 dBA and compared them to a group of workers with noise exposures

less than 85 dBA. The high noise exposure group, besides having measurable
hearing loss, had significantly higher blood pressure levels; systolic (p < .001) and

diastolic (p < .01). The study design controlled for age, education, and work
responsibility, but not for weight (Milkovic-Kraus, 1988).

A similar study was done among textile mill workers in China. The study
examined the levels of hypertension in women (n=1101) who had worked at a mill

over their entire life without the aid of any ear protection equipment. Noise levels a
the mill ranged from 70 to 104 dBA. Results demonstrated a dose-response
relationship between the level of noise exposure and the prevalence of hypertension.

Logistic regression analysis was used to adjust for age, years at work, sodium intake,
and family history of hypertension. Confounder adjusted results indicated that noise
exposure was third in importance in predicting hypertension, after family history and

high sodium intake (Zhao, Xhang, Selvin, & Spear, 1991).
Several other occupational exposure studies have attempted to demonstrate a
positive associations between noise and hypertension (Lang, Fouriaud & Jacquinet-
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Salord, 1992; Milkovic- Kraus, 1990; Talbott, et al., 1990; Tarter, Robins, 1990;

Tomei, et al., 1991). Overall results have shown a modest effect of noise on
hypertension, and this was the case with either the case-control or cohort study

design. The effect of noise on hypertension was no more evident when potential
confounder variables were considered, along with the use or nonuse of hearing
protection equipment (Talbott & Craun, 1995).
Community-based studies concerned with road traffic noise exposure and the

effects on cardiovascular health are now beginning to report their results. The
largest study of this nature began in 1982 in Caerphilly Wales (n=2512) and
Speedwell England (n=2348) on males exposed to traffic noise (Caerphilly &
Speedwell Collaborative Group, 1984). All participants were assessed for
cardiovascular risk factors and for community noise exposure levels. Subjects were

divided into four groups based traffic noise levels that ranged from 51 to 70 dBAs;

these were as follows: (a) 51-55, (b) 56-60, (c) 61-65, and (d) 66-70. Preliminary
findings indicated that the highest SES subjects were located in the (a) and (d) noise
exposure neighborhoods.

Ten year followup of the cohort indicated a weak increased relative risk (RR

=1.1) for ischemic heart disease when comparing the high dBA exposure group of
66-70 dBA with the low dBA exposure group at 51-55 dBA. The relative risk ratios
were somewhat higher for men occupationally exposed to noise. Associations were

found for systolic and diastolic blood pressure, total triglycerides, plasma viscosity,

platelet count and blood glucose and level of noise exposure. However, overall
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results for increased heart disease risk related to road traffic noise were
nonsignificant. (Babisch, Ising, Gallacher, Sharp, & Baker, 1993a; Babisch, Ising,

Gallacher, Sharp, & Baker et al., 1993b)
The researchers made several interesting comments regarding these nonsignificant
results. First, they indicated that community noise level research was an appropriate

public health approach to take because it considered all pejorative effects of noise

exposure (i.e., circumscribing of behaviors, such as keeping windows shut), and the

coping strategies employed in response to such an exposure. Secondly, from the
public health perspective, even small effect sizes, when magnified throughout the

entire urban population, can be important for the cardiovascular health of the

population. Noise exposure alone is only one piece of the multidimensional nature of
health effects; the type and characteristics of the noise, controllability, coping
strategies, genetic predispositions, noise sensitivity, are all relevant in modifying the
psychophysical response of the individual.

Aircraft Noise and Mental Health
The association between aircraft noise exposure and mental health is yet another

line of research that has been pursued over the years. The initial study to assess this
relationship was undertaken in the Henston and Isleworth boroughs near Heathrow

Airport in the late 1960s. This was a two-year retrospective study that compared
counts of psychiatric illness admissions at the Springfield Hospital between residents

exposed to CAN in excess of 100 dBA and residents not exposed, yet admitted to the
hospital. Chi-square analysis indicated significant differences in psychiatric
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admissions based on CAN exposure. Gender differences were also evident in the
analysis. Males had significantly more admissions than females, and married female
admissions were also significantly higher than unmarried females. The researchers
cautioned that these results were too preliminary to infer a causal relationship
between CAN exposure and mental illness, and offered that... "the high intermittent

noise levels from aircraft using Heathrow Airport may be a factor in increased rates

of admission to Springfield Hospital" (Abey-Wickrama, et al., 1969, p. 1277).
In a follow-up analysis to the Henston-Isleworth study, researchers examined

psychiatric admission rates for two different time periods; 1966 to 1968, and 1970 to
1972. They removed older people from the counts of psychiatric admissions.
With these modifications, they found modest statistically significant difference in

admissions from 1966 to 1968, and no significant difference from 1970 to 1972
(Gattoni & Tarnopolsky, 1973).

A study similar to those carried out in Europe was conducted in several
communities surrounding the Los Angeles International Airport in the 1970s. The
study compared psychiatric hospital admissions in two groups that were matched for

SES. The exposure group had noise levels exceeding 90 dBA, while the control
group came from an area that did not exceed 90 dBA from aircraft noise.
Researchers found a statistically significant 29% increase in mental hospital

admissions in the exposed group (Meechan & Smith, 1977).
These study results have generated a lot of controversy, since they implicate

aircraft noise exposure as harmful to mental health. This has not been helped by
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several key methodological problems inherent in the research designs. The matching

of subjects to control for confounding by SES variables was not very rigorous. Most
importantly, if an admitted patient was transferred to another psychiatric facility they
were not counted in the total admissions at the initial facility.
To address some of these design issues in the Henston-Isleworth study, the

London Institute of Psychiatry undertook an expanded design both in area and in
population. Over 16,000 psychiatric admissions were assessed (Hand, Tarnopolsky,
Barker & Jenkins, 1980). Results from this study were unanticipated. For the
Holloway psychiatric facility, more admissions occurred with higher than with lower

aircraft noise levels from Heathrow International. However, for the neighborhoods
exposed to the highest aircraft noise levels psychiatric admissions actually declined.

In fact, the Springfield psychiatric facility actually demonstrated a reverse trend of
declining admissions with increasing aircraft noise levels. The researchers cautioned
that additional study was needed, yet they did conclude that loud aircraft noise
exposure may not have a direct effect on psychiatric disorders.
Subsequent re-examination of the original Henston-Isleworth study by a variety of

researchers have all arrived at different conclusions for the study population, and

over the decades this topic remains contentious. Other researchers take a different
track and argue that it is pre-existing psychiatric disorders that contribute to high

levels of NA, and it is a person's level of NA that is a predisposing risk factor for
psychiatric morbidity (Stansfield, 1992). Although the association between mental
health and aircraft noise exposure remains controversial, most researchers contend
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that high levels of exposure cause an increase NA, depression, and dysphoria, and as
such can contribute to or exacerbate mental health problems in a vulnerable
population (Kryter, 1990).

Aircraft Noise and Health
The first study to examine the effects of aircraft noise on physical health in an

adult population was done in the former Soviet Union. Medical records were
retrospective evaluated for physical health problems. Citizens that resided within 6
km of an airport had 2 to 4 times the incidence of otorhinolaryngological diseases
(e.g., otitis, auricular neuritis), cardiovascular disease (measured by hypertension),
nervous diseases, and gastro-intestinal diseases (e.g., gastric and duodenal ulcers and
gastritis) (Karagondia, Soldatkina, Vinokur, & Klimukhin, 1969).

A large (n=6000) community-based study investigated the effects of aircraft

noise exposure on the cardiovascular system. The study was a prospective design
and was conducted among eight villages near the Amsterdam Schipual Airport

(Knipschild, 1977). Each subject was given a complete medical examination (cardio-

x ray, ECG, blood pressure, BMI) and asked to complete the World Health
Organization Angina Questionnaire. Statistical analysis indicated a positive linear

correlation between hypertension and dBA exposure, along with significant

differences between those exposed (>62.5 dBA) and those not exposed (<62.5
dBA) on a number of cardiovascular conditions (See: Table 2).
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Table 2
Cardiovascular Conditions Compared To Controls
Condition:

P-value

Medical Treatment of CHD

.04

Use of CHD Prescriptions

.003

Diagnosed Hypertension

.0001

Pathological Heart Shape
.01
Prom: Kinnschild. P. (19771. Medical effects of aircraft noise. General nractire

survey. International Achieves of Occupational and Environmental Health, 40
(3), 191-196.

In another community based study examining general health, near the Okecie
Airport in Warsaw, researchers administered a questionnaire to residents impacted by

CAN (n=256) and to residents of a quiet community (n=255). The noise levels in
the CAN community exceeded 100 dBA, and the "quiet" community had noise levels

that ranged from 80 to 90 dBA. Males exhibited no significant differences in health
related measures. Women had significant differences in cardiovascular health,
digestive system health, and increased use of medication for heart disease,

headaches, and nervousness. The researchers speculated that this gender difference
might be due to women being home more than males, and perhaps because both
groups of males worked in noisy industries (Koszarny, Maziarka & Szata, 1981).
Time at home and occupational exposure to noise was controlled for in the current
study.

Similar community based research focused on the general health effects of noise

exposure near the Paris-Orly airport. Four different levels of CAN were measured;
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<89, 89-92, 93-96 and >97 (n= 120, 135, 102, 145 respectively). Measures
examined included NS, NA, anxiety, neuroticism general tiredness, fear of aircraft
crash, CAN irritation, and several general health questions. Results indicated that
mental health measures of anxiety and neuroticism were not different for subjects

exposed to aircraft noise levels above 100 dBA for ten years or more (Francois,

1980). General health measures, however, showed a dose-response effect based on
level of noise exposure, and of these subjective feelings of malaise appeared to be

the most impacted. The authors advise the need for additional research with a larger
sample size.

A recent survey of general health was done in Chatan Town, a city neighboring a

large U.S. airbase in Okinawa Prefecture (Nippon). Researchers used the Todai

Health Index for their community survey (n=1200, and control n=200). Town
peoples were exposed to noise levels from CAN that ranged from 75 to 95 dBA,
with five strata of noise exposure groups created for the purposes of the study as

follows: 75-79, 80-84, 85-89, 90-94, and 95+. Two hundred subjects were
randomly sampled from each exposed noise strata and 200 from a control

neighborhood. A total of 1053 surveys were returned. Results showed significant
differences between the CAN exposed strata and controls for the Todai Health Index
scores and scores of subjective complaints (Hiramatsu, Yamamoto, Taira, Ito,

Nakasone, 1993). Dose-response relationships were not evident for the five strata of
noise exposure, however increasing trends were found for mental instability,
depression, aggressiveness, nervousness, neurosis, and somatic disease when
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comparing the 90-94 and 95 + strata with controls.

Noise and Sleep Effects
Sleep disturbance is one of the first consequences people often first consider in
relation to community noise, and this is perhaps because sleep is a biological
necessity. Sleep disruption increases sleep deprivation load, which makes people

more irritable, argumentative, and, most importantly, accident prone (Leger, 1995).
Accidents are the fourth leading cause of death in the United States, and highest

source of years of potential life lost (Pagano & Gauvreau, 1993). Many of these
accidents are attributed to sleep deprivation (Webb, 1995). Sleep disturbance is also
immunosuppressive and research has found a close link between sleep and the

immune system functioning (Kruger & Karnovsky, 1987). Researchers observe that
cytokines (chemical regulators of immune response) play a role in modulation of
sleep, and thus sleep may serve an adaptive function to fight invading pathogens

(Opp, Kapas, & Toth 1992; Uthgenannt, Schoolmarm, Pietrowsky, Fehm, & Born,

1995). Part of the immune system includes a surveillance system of natural killer
(NK) cells, that attack foreign antigens without antigenic processing by B-cells.
Recently, sleep deprivation has even been implicated in the quantitative reduction in

circulating NK cells (Dinges, et al., 1995; Irwin, 1993).
Besides outright sleep disruption, noise exposure can have important effects on

the quality of sleep. A recent study in Nippon observed a change in Rapid Eye
Movement (REM) sleep in males exposed to truck traffic noise. REM (known as
Stage 2 sleep) sleep was found to diminish or shallow-out at noise levels of greater

43

than 60 dBA (Kawada & Suzuki, 1995). These results need further investigation to
consider the health consequences of diminished REM sleep.

An elaborate study by the Department of Environmental Hygiene at University of
Gothenburg, in Sweden, considered a variety of psycho-social variables, medical
symptoms, and sleep disturbances among persons exposed to high levels of road

traffic noise (Ohrstrom, 1989). The ambient noise level for the exposed community

was measured for 24 hours at 71.8 dBA, with a maximum of 85 dBA. The quality
of sleep was significantly diminished for subjects exposed to the traffic noise as

compared to controls. The following sleep quality measures were significantly
impacted: (a) difficulty in falling asleep, (b) awakening from sleep, (c) body

movements, (d) overall sleep quality rating, and (e) in feelings of tiredness.
Significant medical symptom differences included headaches and nervous stomach.

Psycho-social measures of well-being, activity, social orientation, and extroversion

were all significantly lower in the noise exposed community. What is also of interest
is that participants reported their inability to habituate to the traffic noise. They
continued with difficulties in falling asleep and frequency of being awakened even

after many years of residing in the exposed neighborhood. These results are
comparable to a previous study in France measured traffic noise exposure and

variations in heart rate. Even after five years from the initial exposure to the traffic
noise, heart rate reactions were still observable, indicating the lack of adaptation to

the noise (Valet, Letisserand, Olivier, Laurens, & Clairet, 1988). Other researchers
report after effects of noise exposure involving conspicuous reduction in REM sleep,
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shortening of sleep cycles, and increased slow wave sleep (Fruhstorfer, 1989).
Specific effects on sleep disturbance in regard to aircraft noise exposure were

addressed in a study undertaken in England at four of the major airports. Volunteers
were recruited to participate from homes in eight commonly exposed communities,

involving 400 subjects and 5742 subject-nights of observation. Acetimeter devices
were worn to register sleep disturbance, and sleep-EEGs (electrical-encephalo-grams)

were recorded. Aircraft noise levels were simultaneously measured, to record noiseevents in excess of 60 dBA. Results showed an increased proportion of subjects
were sleep disturbed as the outdoor dBA increased, particularly at 85 dBA and
higher (011erhead & Jones, 1993). Overall, men experienced 15 % more sleep

disturbances compared to women. Subjects' diary accounts of recalled causes of the
sleep disturbance were as follows: 25% unknown, 16% toilet visits, 13% children,

9% illness, < 4% aircraft.

Results indicate a low perception of sleep disturbance

attributed to aircraft noises. These findings contrast sharply with the Manchester
Airport study.

The Manchester Airport study surveyed 1000 households in nine communities at

varying distances to the airport, along with a control site located eleven miles from
the airport. Results indicated that when sleep disturbance is indicated it was a

common even with 79% of subjects reporting such problems at least once a week,
and 65 % of the respondents complained spontaneously about aircraft noise (Hume &
Thomas, 1993).

A study of people living near the LA-X Airport in Los Angles found that the
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sound exposure level (SEL) was a predictor of sleep awakening within two and five

minutes of its occurring (Fidell, et al., 1995). Awakening from sleep averaged two
per night, and did not differ significantly across a variety of nighttime noise level

exposures. This means that SEL could reliably predict whether or not a sleep
awakening would occur, but not the number of awakenings that would occur.
Finally, noise has been found to cause a stress-response even while the exposed

person remains sleeping (Horne, Reyner, Pankhurst, & Hume, 1995; Maschke,

Gruber, Prante, 1993; Nicolas, Tassi, Dewasmes, Ehrhart & Muzet, 1993). This
means that the stress-response, characterized by the release of adrenal-stress

hormones, is occurring, and creating its adverse effects on human physiology, even

while the person is asleep. These findings clearly indicate the utility of nocturnal
biomarker measurement, since day-time subjective reports of stress levels may not
entirely capture the stress effects of noise exposure.

Application of Existing Theory to CAN Exposure
This section presents a review of contemporary coping theory for the purpose of
establishing its utility within the current study. Considerable previous research has
also been done regarding the relationship between a noise annoyance and a person's

sensitivity to noise. These two measures of response to noise are reviewed
for inclusion in the current study.

Coping Theory and Health
Coping theory begins with primarily the work of Lazarus and Folkman (1984),
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and is subsequently refined by Leventhal and Nerenz (1993), and Lazarus (1993).

The basic idea is that when confronted with a stressor, an individual will adopt some
sort of strategy or coping approach to dealt with it.
In coping theory, stress is defined as a transactional process that occurs

"...between the person and the environment in response to a situation...that is
appraised by the person as taxing or exceeding his or her resources..." (Lazarus &

Folkman, 1984, p. 19).

Stress and resultant individual response is an inherently

iterative process. The notion of stress as merely an external event that impacts the
individual does not take into consideration stressor appraisal differences that
individuals make.

Lazarus and Folkman (1984) have proposed two stages of cognitive process that

are initiated by the perception of a stressor or potential stressor; these are termed the

Primary and Secondary Appraisals. Primary appraisal is an assessment of the

encounter with respect to its importance for one's well-being. Three kinds of
primary appraisals result as follows: (1) Irrelevant, the person has no investment or
concern with the outcome of the transaction; (2) Benign-positive, the outcome is

desired, pleasurable, and of benefit; (3) Stressful, the outcome may be harmful,
threatening, or damage may have already resulted (e.g., injury). Secondary appraisal
involves a determination of a person's resources available and the extent to which
these resources meet the situational demands. Secondary appraisal is "a complex
evaluative process that takes into account which coping options are available, the

likelihood that a given coping option will accomplish what it is supposed to, and the

47

likelihood that one can apply a particular strategy...effectively" (Lazarus & Folkman,

1984, p. 35).
The outcome of the transactional process constitutes one's cognitive
representation of the person-environment encounter (Folkman & Lazarus, 1985).
Emotional responses are "organized psychophysical reactions to good news and bad

news about ongoing relationships with the environment" (Lazarus, 1990, p. 4). In
Folkman and Lazarus' model, cognition and emotion are mutually reciprocal in their

intention. Cognition will generate an emotion, and will continue as a feature of that
emotional experience. Coping can alter the perceived importance of that event and

thus modify the emotional response. Coping, in this model; is the "cognitive and
behavioral efforts to master, reduce, or tolerate the internal and/or external demands
(and conflicts among them) that are created by a stressful transaction" (Folkman &

Lazarus, 1985, p. 152). This model of stress and coping is dynamic in nature and
consists of two distinct strategies or styles.

In Lazarus' model these two main strategies of coping include: Problem focused
coping, and Emotional focused coping (1993). Problem-focused coping attempts to
deal in an instrumental or fix-the-problem approach with the internal or
environmental demands that have been appraised as potential threat or harm, by

changing the environment or oneself. Emotional-focused coping involves efforts to
modify the subject's subsequent emotional response. The goal of emotional-focused
coping is to change one's relationship with the stressor by changing the relational
meaning between the person and the stressor. This construct of coping was used in
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the current study to distinguish two types of emotional coping: emotional-coping nonnormalized (ECNN) and emotional-coping normalized (ECN). Those who are

emotional labile to CAN were classified as ECNN, and those who have redefined
CAN as a "normal" dimension of the urban environment were classified as ECN.
There is also growing evidence for the importance of coping as a modulator of
the stressor-person transaction and health status (Delongis, Folkman & Lazarus,

1988; Stone & Shiffman, 1992; Vitaliano, Maiuro, Russo, Katon, De Wolfe & Hall,
1990). It has been suggested that the style of coping may be more significant for

health outcomes than the intensity or frequency of stressful episodes (Antonovsky,
1987; Janoff-Bulman & Marshall, 1982). In addition, coping process cannot be fully

understood without consideration of its context (Antonovsky, 1987; Baum, Fleming,

Israel & O'Keeffe, 1992; Po lan, Sherwood & Light, 1992).
The context of CAN involves an external source of stress that is beyond the
immediate and direct control of the individual. The connection between control (real
or perceived) and stress response to health has been extensively researched. Studies

typically find that lack of control is adverse to human health measures (Fisher, 1986;

Sieber, Rodin, Larson & Ortega, 1992; Monat & Lazarus, 1991).

The lack of

control over CAN is an important consideration for the current study. People tend to
use problem-focused coping when they believe that their actions can change the

status of the stressor (Friedland, 1992). Whereas, people tend to use emotionalbased coping when the stressor is beyond their control (Jerusalem, 1993). An
individual can use a mixture of both coping strategies and hence, there may be some
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overlap in coping that precludes an absolute separation. In addition, studies indicate

that as a person gets older they tend to shift more from problem-focused coping to
emotional-focused coping, presumably because cognitive refraining is easier than

actually changing the environmental context of the stressor and this may be related to
levels of perceived control (Sarafino, 1994).
Coping researchers also theorize that in the face of an uncontrollable stressor
people will transition from problem-focused coping to emotion-focused coping; and

that emotional-focused coping, in the long run, will be adverse to human health
(Jerusalem, 1993).

The current study used Lazarus's coping theory to distinguish emotional-focused
coping from behavioral-focused coping, and to assess the potential modulating that
coping style might have on health status within the CAN exposed communities.

Aircraft Noise Annoyance
Aircraft noise annoyance (ANA) is a subjective assessment of how bothered,

perturbed, or upset one is by the noise exposure. Early ANA research attempted to
operationalize this construct based on the notion that noise problems were not so

much a result of physical acoustical properties of sound, but were more related to

subjective factors within the individual. The idea was to be able to ascertain what
these subjective factors were and then make appropriate adjustments to reduce the
community impact of noise (Borsky, 1961).

Some of the early studies of ANA involved informal surveys of communities

impacted by subsonic and supersonic aircraft flyovers. Researchers found that the
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flyover complaints were based primarily on interruptions in rest, relaxation, and
sleep (Nixon, 1965; Wilson 1963).

One of the first ANA surveys was done at the Heathrow Airport in London in
1961. Researchers developed a NA survey based on the Guttman Scale, which
related NA to the number of disturbed events resulting from aircraft overflights.
Results showed a positive linear association between NA and dBA levels (that ranged

from 83 to 103+) (McKennell, 1963). Prediction of individual NA by noise
exposure was modest with a correlation magnitude of .46. In addition, several key

variables were found to correlate with NA more than with noise exposure levels

there were; perceived preventability of noise (.35), CAN being harmful to one's
health (.38), fear of a crash (.52), and attitude towards noise (.50) (McKennell,
1963).

A second Heathrow survey was done in 1971 that focused on people who were
not only annoyed with noise, but actually complained about it. Analysis of the
survey data revealed that the following factors actually distinguished complainers

from non-complainers: occupational level, educational level, value of one's house,
and political membership activities. These factors were important even though both

groups (complainers and non-complainers) had similar noise exposure levels and

were equally noise annoyed (Second Survey, 1971). Respondents that were most
likely to complaint were characterized as (a) politically active, (b) articulate,
educated, and (c) members of the middle class. In addition, complainers were also

more sensitive to noise and believed that noise exposure was harmful to their health
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(Mc Kennel, 1973).

A more thorough followup survey of ANA was done in latter part of 1960's at
Heathrow (MIC, 1971). The Heathrow survey asked a series of questions
concerning annoyance and disruption from a variety of noise sources. They found
that 72% of respondents were moderately to extremely annoyed with aircraft noise,

and ANA increased as dBA increased. When the aircraft noise reached 75-80 dBA
100% indicated that they were moderately to extremely annoyed. A similarly study
found that when the number of aircraft overflights exceeded 50 per day, no further

increases in ANA resulted (Rylander, et al, 1980). Hence, there may be an upper
limit to the number of daily overflights beyond which there is no further increase in
ANA.

ANA is not unexpected when residing in the proximity of a busy airport. The
question remains as to whether or not there are unique aspects of aircraft overflights
that contribute to such annoyance. It has been proposed that one of the prime

correlates of ANA is a fear-response, that is based on proximity to the noise

generating aircraft on approach and departure. A USA study found a positive trend
between dBA and percentage of respondents reporting feelings of fear of aircraft

overflights (92% at 90 dBA) (Galloway, et al, 1970).
A comprehensive survey in the USA regarding community response to CAN was

undertaken by the National Space and Aeronautics Administration. Nine
communities were surveyed around the country between 1967 and 1970; seven large

cities (n=6502) and two small cities (n=1960) were chosen to survey. ANA was
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measured by community survey format, and simultaneous noise level measurements

were obtained (range= 99.5 to 114.6 Composite Noise Rating--CNR). A doseresponse between NA and level of noise exposure was observed, with New York
City being the most highly annoyed (65%) (Patterson, Connor, 1973). Generally,
the larger cities had higher levels of NA as CAN increased compared to smaller
cities, however all respondents reported being NA when the actual noise level
surpassed 120 CNR.

A more elaborate study of specific aircraft noise annoyance (ANA) was done by
the Columbia University School of Public Health to assess the relationship between

ANA and a variety of attitudinal factors regarding aircraft noise. The study
surveyed subjects residing near the JFK International Airport on Long Island, New

York. Results indicated significant correlations between ANA and aircraft fear (.72),
ANA and belief that it was harmful to one's health (.63), and between ANA and
government/corporate misfeasance (.32) (Leonard, & Borsky, 1973). Misfeasance is

a construct that ascertains a person's belief that the airlines, the government, the
makers of aircraft, community leaders, and the pilots could all be doing more to
curtain aircraft noise.

Another aspect of ANA is the impact on a person's sense of well-being. A
community survey (n=3939), along with noise measurements, was conducted near
three airports in Zurich, Geneva, and Basle (Switzerland). Self-reported ANA was

best correlated with noise intensity and less so with the frequency of the noise
intrusions. Complaints regarding CAN declined as subjects became more exposed to
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road traffic noise, even with a constant CAN exposure. Subjects experiencing ANA

were more likely to use ear plugs, sleeping pills, consult with a physician for some
medical problem, wish they could move away, spend less leisure time at home,
restrict their home outdoor activities, and tend to keep their windows closed more
often. There was no significant relationship between CAN and mental health status

(Grandjean, Graf, Lauber, Meier, & Muller, 1973).
A recent ANA study around Landvetter and Save Airports in Gothenburg,

Sweden, assessed ANA in relation to the number of noise events, defined as the
count of times 70 dBA was exceeded by aircraft in a 24 hour period (Bjorkman,
Ahrlin & Rylander, 1992). Linear regression analysis found a dose-response
relationship between ANA and the number of noise events, and the actual decibel

levels. The researchers concluded that ANA was more related to the number of
noise events and maximum noise levels than to the average sound levels of all
aircraft combined.

An ANA study that focused a subadult population (children) residing near an

airport in Taiwan found that 87% of respondents were annoyed by aircraft noise

(Wu, Lai, Shen, Yu, & Chang, 1995). However, ANA levels were inversely
associated with hearing acuity, i.e., the better one's hearing the less one was
annoyed. This suggests that ANA is more related to psychological factors than to
the actual noise exposure

Previous research has suggested that a component of ANA may be feelings of

fear of an aircraft crash. To assess this and other aspects of ANA a study in
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Amsterdam was done before and eights months after an aircraft crash to examine the

effects of this disaster. ANA increased significantly from 36.8% to 60% within 310 weeks after the crash and declined thereafter (Reijneveld, 1994). These results
suggest that fear of aircraft crash can be potentiated by an actual crash, but the
effects may not be long-term.

Given the body of work exhibiting the public's annoyance with aircraft noise,
community and governmental agencies have responded by developing home sound

insulation programs. The effectiveness of sound insulation in reducing ANA was
studied in residential areas around Hartsfield International Airport in Atlanta (Fidel!

& Silvati, 1990). A ANA phone survey was conducted among respondents in
insulated and in uninsulated homes. The length of time that the people were residing
in a sound insulated home was not determined. Results indicated no significant
difference in levels of ANA between insulated and uninsulated homes, even when
controlling for noise exposure levels. There was, however, a significant reduction in
annoyance with street traffic noises.

Noise Sensitivity

There are many aspects to an individual's reaction to aircraft noise. Among
those factors studied is a person's individual noise sensitivity (NS). Each person has
a distinct noise sensitivity level that presumably exists regardless of where that

person resides, i.e., a noisy or a quiet environment. The relationship between NS
and noise annoyance has been debated in the literature. Some researchers argue that
NS is predictive of a person's level of noise annoyance or relation to noise
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(McKennell, 1978), while other researchers dispute this claim (Bullen, 1986).
One of the original studies on NS and noise exposure was done in Gothenburg,

Sweden. Subjects were university students who were paid to participate in a

laboratory study (n=93). Measurements were made on noise exposure levels, light
and temperature exposure, and heart-rate levels. The Weinstein Scale (1978) was

used to measure NS. Analysis of data found a significant linear correlation between
NS and NA (r= .64 and p = .0001) (Ohrstrom, Bjorkmand & Rylander, 1988).

In a followup random population based survey (Gothenburg, Sweden, n=805),
25 % of respondents indicated that they were sensitive to noise, with older persons
(50-64) being more NS than younger persons (20-34) (Matsumura & Rylander,
1991).

Gender was not significantly different for NS, and the difference that did

exist, declined with advancing age. NS individuals were most annoyed with road
traffic noise than the non-NS, and they had more daily life activities disturbed by
noise.

Historical Overview of the Regulation of Noise Pollution
Governmental regulation of urban noises dates back to the Ancient Greek City of

Sybrais in Southern Italy. Founded in 720 B.C, Sybrais implemented strict zoning
regulations prohibiting industrial noises in residential areas (Spooner, 1929). With
the coming of the industrial revolution in the 19th century, people migrated into
cities seeking employment with virtually unregulated industries. Not only did this
result in tremendous occupational exposures to noise, but cities experienced massive

over-crowding, and the collective din of noise was enormous.
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In early 20th century America one of the first cities to respond to industrial and

urban noise pollution was New York. In October of 1929, Dr. Shirley Wynne, New
City Commissioner of Health, created a Noise Abatement Commission (NAC) which

was charged with identifying the nature, extent, sources, and citizen perceptions of

noise pollution in the City. The NAC conducted the first of its kind noise annoyance
survey to identify which sources of noise were most bothersome to New Yorkers.
The survey was published in all the city newspapers for self-administration and mail

return. A total of 11,068 respondents completed the survey, although the number of
surveys circulated was not known. The majority of noise complaints (4,016),
36.28% were traffic related, with (113) 1.02% complaining about aircraft noise
(Brown, Dennis, Henry & Pendray, 1930).
The NAC also made a variety of statutory and sanitary code change
recommendations to combat noise as follow: (a) forbidding peddlers to cry their

wares before 8:00 A.M. or after 9:00 P.M., (b) requiring that all construction
materials be loaded so as to reduce noise in transit, (c) mandating that junk men not

use a bell heavier than 6 ounces nor more than three at any time, (d) that all cars
have a working muffler installed, and (e) requiring implementation of a public
awareness campaign to instill a "noise etiquette" among the citizenry (e.g., door bell

ringing instead of horn honking). This litany of NAC recommendations is of
historical interest, and helps to transmit an actual "feeling" of what noise conditions,

sources, and prevalence was like at the turn of the century in a large urban
environment.
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From the 1920s until the environment awareness movement of the late 1960s and

early 1970s, noise pollution problems were not addressed at the state or federal
levels. Noise pollution was considered to be a local government problem, and

regulated under municipal nuisance laws. Cities are granted police powers by state

constitutions to protect the local welfare of its citizens, but when it came to noise
problems some cities enforced their laws aggressively while others were completely

lax. As such, there was little uniformity in the enforcement of noise abatement.
Today environmental noise pollution is regulated to a certain degree by all levels

of government; municipal, county, state, and federal. Aircraft noise is specifically

under the regulatory authority of the federal government. The U.S. Congress
designated the Federal Aviation Administration (FAA) with this authority.

In 1986,

the FAA issued an Order, in response to the National Environmental Policy Act of
1969 (PL 91-190), entitled Policies and Procedures For Considering Environmental

Impacts (FAA Order 1050.1D, 12-05-86) which required the consideration of CAN
problems in any future air traffic regulatory actions.
In 1971 the Noise Control Act established the Office of Noise Abatement and

Control within the U.S. EPA. The Quiet Communities Act of 1978 (PL 95-609) was
passed and provided educational resources (e.g., model ordinances, technical
manuals) to communities for abating noise pollution, and set civil penalties for
equipment that exceeded recommended noise emission standards. These laws went

unfunded beginning with the Reagan Administration, and currently EPA does not
enforce the Quiet Communities Act, nor implement DNL standards to control noise
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problems, because of a lack of funding.
The U.S. EPA created a national day-night (DNL average sound level) maximum
standard of 55 dBA, which it considered a safe exposure level to environmental noise

(EPA, 1974, EPA 1978). The FAA has adopted its own DNL standard, that is
substantially higher, of 65 dBA (FAA, 1980). This higher FAA DNL standard,
which represents more than a doubling in loudness, served to curtail citizen
complaints directed at airport managers.

In 1979 Congress passed the Aviation Safety and Noise Abatement Act (PL 96-

193). FAA responded by promulgated the Airport Noise Comparability Planning
Regulation (FAR, Part 150, 10-25-89), a measure designed to create uniform noise
and land use planning procedures in the locating of airports throughout the country.

Finally, in response to the growing volume of aircraft noise complaints, Congress

passed the far-reaching Airport Noise Capacity Act of 1990. This Act directed the
FAA to phase-out all older high noise generating commercial aircraft using United

States air space by December 31, 1999 (Cowan, 1994). Commercial aircraft are
divided into three stages based on the level of decibels produced; Stage I have the
highest levels, Stage II have moderate levels, and Stage III have the lowest levels (14

CFR Part 91, 09-25-91). Beginning January 1, 2000 only Stage III commercial
aircraft will be permitted in United States airspace, the effect of which is ostensibly
to lower the dBA levels reaching communities exposed to commercial aircraft

overflights. For the current study location, the Minneapolis/St. Paul Airport is the

national hub for Northwest Airlines (NWA). As of February 1996, NWA is
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operating 51.2% (n=193) Stage III aircraft, and 48.8% (n=184) Stage II aircraft out
of this hub.

Previous Research and the Current Study
Summary of Noise and Health Literature
There is considerable evidence that stress is adverse to human health and well-

being. As a Canadian physician concluded from her review of the aircraft noise and
health literature, "It is hard to escape the conclusion that there is a causal relation
between exposure to noise and stress-related physiologic disease" (Rosenberg, 1991,

p. 872). There is also suggestive evidence that noise is capable of inducing the
human stress response. The theoretical model of the current study can be
summarized as follows: CAN manifests a stress response in exposed subjects, and

the stress response, whether acute (by means of the innervated pathway to the
adrenal medulla) or chronic (by means of the ACTH hormonal pathway to the
adrenal cortex), results in higher levels of stress related morbidity.

Early research on the effect of noise exposure focused on the auditory impact and
hearing loss. Research on nonauditory health effects began in the 1960s, primarily

in Europe, and focused on the subjective experience of noise annoyance (Borsky,
1961; McKennell, 1963). In the 1970s, occupational noise exposure research began

to investigate a variety of health problems involving hypertension and cardiovascular

disease (Cohen, 1973). Research was also undertaken to assess the effects of CAN
exposure on gestational birth weights (Ando, Hattori, 1974; Ando & Hattori, 1977;
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Knipschild, et al., 1981). Several studies examined the effects of noise exposure on
social behavior, and the impact of noise on social behaviors (e.g., altruistic acts
towards strangers needing assistance) (Donnerstein & Wilson, 1976; Korte, Ypma &

Toppen, 1975; Mathews & Canon, 1975; Sauser, Arauz & Chambers, 1978).
The research regarding the association between noise exposure and mental health

remains controversial. The original study done on this topic at Heathrow Airport,
which found an association between CAN and admission to psychiatric hospitals, is
still being debated along with subsequent studies at the same airport (Abey-

Wickrama, et al., 1969; Gattoni & Tarnopolsky, 1973; Stansfield, 1992).
Research in the late 1980s and early 1990s investigated the effects of noise
exposure on cardiovascular disease. Occupational exposure research has found

stronger effect sizes, while community noise exposure research has shown low to

moderate effects on hypertension and heart rate (Babisch, et al., 1993a; Babisch, et
al., 1993b; Caerphilly & Speedwell Collaborative Group, 1984; Knipschild, 1977;

Milkovic-Kraus, 1988; Zhao, et al., 1991).
Human annoyance to noise has been extensively studied, with a particular

emphasis on aircraft noise annoyance (ANA). Early research on ANA was done to
determine the subjective factors involved, in hopes of making some adjustments that
would attenuate the annoyance levels (Borsky, 1961; McKennell, 1963; Nixon, 1965;

Wilson, 1963). Subsequent research findings indicate a dose-response relationships
between dBA and ANA, and the importance of aircraft crash fears in ANA

(Galloway, et al., 1970; Leonard & Borksy, 1973; Patterson & Connor, 1973).
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Other research findings suggest that there may be an upper limit to ANA in relations
to the frequency of aircraft overflights, such that no additional increments in ANA is
achievable (Rylander, et al., 1980).
The relationship between NA and NS indicates a positive correlation, and NS

may prove to be a strong predictor of NA. Researchers have challenged each other
on the apparent association between NA and NS (Bullen, 1986; McKennell, 1978).

Still other research indicates that NS may attenuate with age, and may be
independent of gender (Matsummura & Rylander, 1991).

Research on the general health effects of CAN exposure is limited. Studies done
thus far suggest that CAN exposure can impact self-reported health status. In
addition, there appears to be a dose-response relationship between health status and
sound levels, such that health status was worst as noise intensity increased (Francois,
1980; Hiramastsu, 1993; Karagondia, 1969; Koszarny 1971).
Coping theory was reviewed to distinguishing the primary types of coping
strategies that people use when confronted with a stressor; behavioral coping and

emotional coping. Coping theory was used to assess the potential modulating effect
it may have on health status among the CAN exposed subjects (Aldwin, 1994;

Jerusalem, 1993; Lazarus & Folkman, 1984; Lazraus, et al., 1990).

Limitations of Previous Research
Much of the previous research studied the effects of road traffic noise exposure

or laboratory simulations. The studies that did involve aircraft noise exposure have
serious limitations. The first CAN exposure and health study that was undertaken in
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the Soviet Union was a simple prevalence study with no comparison group to

calculate a true measure of relative risk. The study design did not include any

measurement of the length of exposure time, i.e., years of residence. CAN exposure
levels were not measured to enable dose-response analysis. No control regarding
occupational exposure to high noise levels was attempted. Finally, the study assumes

consistent utilization of the medical facilities over time by the subjects (Karagondia,
1969).

The Okecie Airport study (Koszarny, et al., 1981) study only found a difference
in health measures among women, and speculated that women were probably more at

home and thus more exposed. The main concern is that it divided the CAN exposed
subjects into two groups based on noise exposure levels (dBA) that were not that
dissimilar. Secondly, there is no measure of the frequency of the exposures. This

raises several questions; is there a threshold level such that additional levels of noise

produce no further increase in morbidity, and what was the frequency of loud noise
events between the two communities (i.e., did the "quiet" community have 1000

80+dBA noise events, while the "noisy" community only had 10 100+dBA noise
events). A final concern is that the assumption of women being at home more than
men is questionable since most women in the former Soviet Union have employment
outside the home.

The Orly-Paris Airport study (Francois, 1980) was done in the 1970s when the
frequency of aircraft flights was much less than what occurs at modern hub airports

today. Secondly, the sample size was modest (n=512) and the authors readily admit
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that a larger sample size needs to be done. More importantly, external validity or
generalizability of results is based on a random sampling design and is limited with a
convenience sampling design.

The Japanese study (Hiramatsu, et al., 1993) studied the general health effects on
human communities using the Todai Health Index. Increasing adverse trends were
found in health measures with increasing noise exposure levels. These results must

be viewed with caution, even though a stratified random survey design was used,
because of the potential bias build into the context of the aircraft noise source.
Subjects in the study were reporting their health perceptions vis-a-vis exposure to

U.S. Air Force military aircraft that are stationed on Okinawa. There are two main
problems with this source of aircraft noise. First, military aircraft training or

operations flying are not as regularly scheduled as are commercial aircraft. The
predictability of the military aircraft noise exposure or sense of control will be much
less than commercial aircraft overflights. Secondly, there is a residual animosity

among the Japanese people toward continuing U.S. military presence. These military
aircraft flights serve as a constant reminder of the occupation following World War
II. Thus, the study results may reflect a bias by residents to exaggerate their health

problems associated with this particular type of aircraft noise exposure. A more
interesting speculation involves the question as to why the researchers chose the

Okinawa Air Force base noise exposure to study, given the fact that Japan has
several large commercial airports (i.e., Osaka, Tokyo) with millions of people

aircraft noise. The results from Okinawa have to be interpreted with caution because
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it is not a study on the health effects of aircraft noise per se, but on the health effects
of politically and historically sensitive noise source, i.e., U.S. military aircraft
overflight noise.

In summary, no previous research has been undertaken in the North America to

assess the effects of CAN exposure on health. The current study was the first
research that attempted a comprehensive, community-based, multidimensional health

assessment involving general health, mental health, sense of vitality, stress related
symptoms, stress symptom severity index, stress related medicine usage, and levels
of stress. In addition, the inter-relationships among noise sensitivity, noise

annoyance and health, and the potential modulating effects of coping strategies (i.e.,
behavioral-focused coping and emotional-focused coping) have not been previous

considered. Most importantly, no research has differentiated CAN exposure by
intensity and frequency in relationship to health outcomes.

Research Model
The current study was undertaken to assess the impact of CAN as an
environmental stressor on human health and well-being. The study addressed the
issues of frequency and intensity of CAN exposure, and the length of residency in

the neighborhood of exposure. Measures of physical health, well-being, mental
health, NS and NA, and coping strategies were undertaken. Finally, a variety of
effect modifiers were measured to enable controlling for their potential impact on
health measures.

The theoretical model used in the current study is outlined below. CAN
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exposure as a stressor manifests an acute and/or chronic stress activation, and it is

this stress response that over time, is adverse to human health and well-being. CAN
exposure was differentiated into four types based on the combinations of intensity
(dBA) and frequency of commercial aircraft overflights.

Several key factors

relating specifically to noise exposure used in previous research were included in the
present study, these include noise annoyance and noise sensitivity. This study also

included use of coping theory developed by Lazraus (1984). Some research has
suggested that type of coping strategy may affect health, particularly when the stress
exposure is not under the direct control of the subject. Finally, health outcomes
were measured using the SF-36 standardized health survey; which included three
specific scales of general health, mental health, and sense of vitality. Previous
research has indicated that noise exposure may affect physical health, mental health,

and sense of well-being. Other health measures included the CDC stress scale, and
the stress symptom index, the stress symptom severity measure, and the utilization of
stress medication that has been measured in previous noise exposure research (See:

Figure 3).
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Figure 3
Research Model: CAN Exposure, Stress Response, and Health Impact
CAN Type
Types of Exposure:
a. High Freq. High dBA
b. High Freq. Low dBA

c. Low Freq. High dBA
d. Low Freq. Low dBA

> Human Stress Response

> Health Impact

Modifying Factors:
a. NS

Outcome Measures:
a. General Health
b. Mental Health
c. Sense of Vitality
d. Stress Symptoms
e. Stress Symptom
Severity
f. Stress Medication
Usage

b. NA
c. Coping Strategy
d. Demographics
e. Stress Level
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CHAPTER III
RESEARCH DESIGN AND METHODS
Two aspects of noise from commercial aircraft overflights where emphasized in

this study; that of sound level intensity and frequency of overflights, and the

potential adverse effects on human stress, health, and well-being. Dependent health
measures included general health, sense of vitality, and mental health, along with
measures of stress symptoms. Independent measures investigated the role that
distinct forms of coping strategies played in modulating the health status. In
addition, potential effect modifiers were measured to enable controlling their effect
on health outcome differences. This chapter provides a detailed review of the
research design, subject selection protocols, sample size determination, survey
instrumentation, methodology used in this study, and outlines the data analysis
procedures for the study's research questions.

Community Types
This study assessed the effects of stress on human health. The primary focus was
the impact of commercial aircraft noise (CAN) exposure as an environmental stressor
on human health.

Two dimensions of aircraft overflight occurrence were used in

this study; (a) the frequency of aircraft overflights, and (b) the sound intensity of
aircraft overflights (measured in dBAs)

From these two dimensions of aircraft

overflight, four distinct community exposure types were identified based on Aircraft
Noise Operations and Monitoring System (ANOMS) data as follows: (1) High
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frequency of overflights and high sound intensity or dBA, (2) High frequency of
overflights and low dBA, (3) Low frequency of overflights and high dBA, and (4)

Low frequency of overflights and low dBA. Frequency was measured in annual
counts of arrival and departures at the Twin City Metropolitan Airport, and sound
intensity was measured in dBA from the remote monitoring sites proximate to the

airport. The purpose of identifying these CAN exposure types was to determine
whether is was the frequency or sound intensity of aircraft overflights, or some
combination of both, that most impacted health and well-being.

Dependent Health Measurements
Three dimensions of health were measured using a standardized survey

instrument known as the MOS-36 (Ware, 1992). These health dimensions were as
follows: (1) General Health (GH), (2) Sense of Vitality (Vitality), and (3) Mental

Health (MH). For each participant in the study a single summary score for GH,
Vitality, and MH was calculated and analyzed as a dependent variable.
The survey instrument also included four stress related measurements; (1) Stress

symptom scale, (2) Stress symptom severity score for each stress symptom, (3) Use
of stress-related medication listing, and (4) Stress index score. These measurements
were analyzed as health-related dependent variables.

Finally, noise annoyance (NA) levels were measured for each subject using a
scale derived from the research literature (Borsky, 1980; Yaniv & Bauer, 1980). The

NA scale resulted in a calculated summary NA score for each respondent. NA is an
important subjective response to sound exposure, a form of psychological morbidity.
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This study assessed NA in relation to the four types of CAN exposure to determine
what combination of frequency and sound level intensity (dBA) had the greatest
impact on NA.

Independent Measurements
The coping literature suggests that people will tend to respond to a stressor by

either trying to fix the problem or by changing the meaning of the problem. For
example; the sound generated by rain striking one's house roof might result in some
people adding sound insulation to their attic, while others would cognitively reframe

the sound of the rain into that of a soothing waterfall. The problem-solving approach
is referred to Behavioral Coping and the meaning-change approach is called

Emotional Coping. For the subjects that were residing in the CAN exposed
neighborhoods, coping style was measured to assess the potential modulating effect
on health outcomes. Factor analysis identified two distinct subtypes for Behavioral
Coping and for Emotional Coping. Behavioral Coping manifested coping that was
directed at external dimensions of the stressor and was termed 'Behavioral Coping

External' or BCE. Behavioral Coping was also directed internally at the self, and

was termed 'Behavioral Coping Internal' or BCI. Emotional Coping manifested
coping that was emotionally energized, and this was termed 'Emotional Coping Non-

normalized' or ECNN. Coping that was not emotionally charged toward urban
noises was termed 'Emotional Coping Normalized' or ECN. This study conjectured
that type of coping style could have an modulating effect on health status that
warranted investigation.

70

Potential Effect Modifiers
Within the relationships between dependent variables and independent are

secondary factors that can alter, in either direction, the statistical expression of these

relationships. Secondary factors that are typically considered in public health, and
were measured in this study, included the following: (1) Demographic factors;

gender, marital status, age, years of education, and annual household income, (2)
Health factors; Body Mass Index (BMI) and smoking status, and (3) Study specific

factors; years of residence at current home, whether exposed or not to loud
occupational noises, type of shift work, and hours at home per day.
Another key potential effect modifier considered was a person's endogenous noise

sensitivity (NS). This study obtained a NS score for each subject using a
standardized scale to control for its potential effect modification or distortion of

health status (Weinstein, 1978). NS had to be controlled for because if it where not
homogeneous throughout the exposed and controls, it would offer a competing

explanation for health differences other than CAN exposure. NS was also used to
assess its value in the prediction of NA levels. Table 3 below presents a summary
listing of the dependent variables, the independent variables, and the potential effect
modification categories.

71

Table 3
Summary of Study Measurements

Dependent Measures

Independent Measures

General Health: GH

CAN Exposure Type

Sense of Vitality: Vitality

Behavioral Coping External: BCE

Mental Health: MH

Behavioral Coping Internal: BCI

Stress Symptom Index

Emotional Coping Non-normalized: ECNN

Stress Symptom Severity

Emotional Coping Normalized: ECN

Stress Medication Usage

Potential Effect Modifiers

Stress Index Score

Demographic Factors

Noise Annoyance: NA

Health Factors
Study Specific Factors

Subject Selection

Study Areas
This study was conducted in the metropolitan region of Minnesota known as the
Twin Cities (Minneapolis and St. Paul). Subjects were surveyed from the Cities of

Eagan, St. Paul, Minneapolis, Bloomington, Shoreview, and Mounds View. For the
most part, municipal distinctions are for reference purposes only because subjects

since it was the CAN exposure type neighborhood that served as a basis of this
study.

Four types of CAN exposed neighborhoods were identified using data from the

Metropolitan Airports Sound Abatement Commission (MASAC). As part of the
ANOMS study, MASAC operates 24 remote sound recording towers in the south
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metropolitan neighborhoods surrounding the Minneapolis/St. Paul Airport. These
remote monitoring sites are referred to as RMTs (See: Appendix, RMT Map), and
they count the number of times sound levels exceed 65, 80,
with recording
1, 1993

24

to June

90,

and 100 dBAs, along

hour/day noise levels. Data for arrivals and departures from July

30, 1994

was used by this study to sort the RMTs from high to low

sound levels and frequencies of overflights to produce four neighborhood types of

CAN exposure. These types CAN exposure were as follows:
frequency,
E-4

E-2

low dBA and low frequency,

E-3

E-1

high dBA and low

high dBA and high frequency, and

low dBA and high frequency.

Two communities were selected from the northern Twin City Metropolitan Area

to serve as a control population, these were City of Shoreview and City of Mounds

View. These communities were identified as not being impacted by CAN given their
distance from the south Metropolitan area, where the Minneapolis/St. Paul Airport is
located. This identification was accomplished by consultation with MASAC, the

Metropolitan Planning Commission, and State of Minnesota Pollution Control
Agency.

Participants
The unit of analysis was adult home owners. Home ownership was decided on as
a criteria for participation to better insure that subjects had multiple years of

exposure and non-exposure to CAN. Participation in the study was by means of a
mailed survey. The cover letter requested that the adult who had the most recent
birthday was to complete the survey. Participant home addresses were obtained at
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municipal and county government centers, from the computerized property tax
systems.

Sample Size
Sample size was 500 for each CAN exposure type neighborhood, and 2000 for

the control communities. Thus, the total sampling size was 4000. Sample size was
determined by means of power calculations, consultation with Graduate Committee

expertise, and availability of financial resources. Using a standard power calculation
formula, the following minimum sample size (n) determination was made (Cohen &
Cohen, 1983):

n = L/f2 + K +1,
where L=56.96, K = 80, power = .90, alpha = .05, and f = effect size of
.1111. Hence, n = [56.96 /.1111] 80 + 1 = 593.69, and n x 2 for exposed and
controls results in a sample size of 1187 ( 593.69 x 2). Using the power table
approach, and assuming a small estimate effect size of .05 (as recommended by

Graduate Committee expertise), and a power of .90, n=1682. Making adjustments
for a conservative response rate of 60%, a final sample size of 4000 was decided
upon (Lwanga & Kemeshow, 1991).

Study Design
The study design was a cross-sectional, stratified, simple random sample with

replacement. This is method is the strongest technique to reduce sampling error by

maintaining equal probability of subject selection (Mangione, 1995). For each of the
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four CAN exposed neighborhoods and for the two control communities an entire set
of home addresses was obtained from the governmental taxing authority for each

municipality. Each data set or sampling strata was loaded into the Quatro Pro
database software. The Quatro Pro random selection algorithm was used to generate

a random selection of addresses. Table 4 below displays the CAN exposure types and
city location, the population size of the neighborhood, the sampling size for each
stratum or neighborhood, the legal description location of the MASAC monitoring
sites, and the RMT identification number used by MASAC.

Table 4
CAN Exposure Types, Sample Size, and RMT Locations
CAN
Exposure
Type

Total
Pop.

Neighborhood
Population

Sample

Location

RMT

E-1: Eagan

55,000

3,800

500

Sec. 02 T27N R23W
Sec. 12 T27N R23W

14

24

E-2: St. Paul

128,000

4,018

500

Sec. 10 T28N R23W
Sec. 08 T28N R23W

11

E-3:
Minneapolis

188,000

2,763

500

E-4:
Bloomington

98,000

1,857

C-1:
Shoreview &

43,900

10,084

C-2: Mounds
View

Size

9

Sec. 23 T28N R24W
Sec. 24 T28N R24W

5

500

Sec. 02 T27N R24W
Sec. 03 T27N R24W

19
17

2,000

Entire City

na

6
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Procedures
For each of the CAN exposed neighborhoods and controls, a set of self-adhesive
mailing labels were obtained. Each home address was sequentially numbered and
selected by matching its number with the Quatro Pro randomly generated mailing list.

Labels were affixed to a No. 11 size envelope, along with a No. 10 size returned
addressed Business Reply envelope with Permit No. 25141. Each return envelope
was number coded to enable tracking what particular neighborhood it had been

returned from. In addition, surveys were color coded yellow for exposed and blue

for control groups. The surveys and accompanying cover letter were all
simultaneous mailed on September 7, 1994, using U.S. Postal Service, with Bulk

Mailing Permit No. 1228. Four weeks later, on October 5, 1994, all nonrespondents
were sent a second survey and new cover letter encouraging them to complete and

return the enclosed survey in one week. This double mailing and timeframe specific
technique is commonly practiced to increase response rate, and was developed and
advocated by Dillman (1978) and Kelsey, et al. (1988).
The study and survey instrument were approved by the Oregon State University

Institutional Review Board, pursuant to regulations of the U.S. Department of Health
and Human Services for the protection of human subjects (45 CFR 46, as amended
06-18-91).

Instrumentation
A questionnaire, cover letter, and prepaid return envelope were mailed to each
household in the study. The survey instrument consisted of health measures, stress
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related measures, noise sensitivity, noise annoyance, coping styles, and potential
effect modifiers.

Physical and psychological health was measured using the MOS SF-36 General

Health Survey instrument (Medical Outcomes Trust, 1994). The MOS-36 is
designed to assess health with a minimum of questionnaire items (Stewart, Hays,

Ware, 1988). The MOS SF-36 instrument has been extensively tested for
psychometric, clinical validity, and reliability across diverse subject groups

( McHorney, Ware, Anastasia, 1993, McHorney, Ware, Rogers, Anastasia, Lu,
1992). Reliability coefficients range from .78 to .93 for internal-consistency

(McHorney, Ware, Lu, Sherbourne, 1994). According to Blourque and Fielder...
"In our opinion, the SF-36 was the best measure available for assessing the concept
of health status. Furthermore, it has the advantage that most of the development

work on the instrument was done within the context of self-administered

questionnaires." (1995, p. 36). Recently the Australian government adopted the
MOS-36 to be used in their national health survey. The MOS-36 was chosen for use
in this study because of its proven track record for validity and reliability.
Four dependent measures of stress were completed in this study as follows: stress

symptom listing scale, a severity scale for each stress symptom, a stress-related

medication usage listing, and a stress index scale. These stress related measures
were adapted from the General Health Questionnaire (Mc Dwell and Newell, 1987),

from Todai Health Index (Aoki, Suzuki, Yanai, 1992), from Mulvihill (1991), and
from the Whitehall II study (Stansfeld, Smith, Marat, 1993).
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Stress symptoms used from the Todai Health Index have an Chronbach's alpha of

between .8370 to .9060 (Aoki, Suzuki & Yanai, 1991). The stress scale was taken
from the Centers For Disease Control (CDC) national health survey. These sources
were used primarily because of the validity and reliability obtained in actual
community-based studies.

This study included measuring a person's endogenous noise sensitivity (NS) and

their level of noise annoyance (NA). NS and NA were measured for each subject
using self-report scales taken from the literature (Weinstein, 1978, Fidell Silvanti,
1991, Bjorkman, Ahrlin, Rylander 1992). The Weinstein noise sensitivity scale has

a Kuder-Richardson reliability of .83. These standardized scales for NS and NA
were used because they are typically employed in noise related research, and allows
for comparing the results from this study with previous research.

The link between stressor and stress-response is often reported in the literature to
be modified by the coping strategy or style adopted by the person exposed to a
stressor. Coping styles typically take on two forms; behavioral and emotional
coping. Scales to measure these two main forms of coping were developed for the

purpose of assessing their modifying effect on the stressor-health connection. The
coping scales were based on Lazarus' Transactional Model of stress and adapted
from Jerusalem's (1993) study on coping response to environmental stress. The
Jerusalem study is one of the few studies employing coping measures and stress.

Finally, several factors that are potential effect modifiers were measured. These
factors include; demographics, health related, and factors that were considered
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relevant to this study in consultation with Graduate Committee expertise and the

Minnesota Department of Health, Division of Epidemiology. All commercial aircraft
sound and arrival/ departure frequency data were obtained in cooperation with the
Metropolitan Airports Sound Abatement Commission's (MASAC) ANOMS project.

The survey instrument was pilot tested, and tested for internal reliability using the

Chronbach's Alpha test. The reliability coefficients reflect the consistency or

stability of an individual's characteristics for the entire data set. The closer the
Chronbach's alpha is to unity, the higher the reliability (Friedenberg, 1995).
Calculated reliability results for the scales used are presented in Table 5. These

Chronbach alpha levels exhibit comparatively good reliability. The lower the
Chronbach alpha (i.e., departure from one) the less reliable the construct scale is.
This means that the subjects were less consistent in their responses to a survey scale.
NA had the lowest reliability, which means that respondents exhibited some
inconsistency in evaluating their experiences of being annoyed with noise.
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Table 5
Reliability Assessment of Survey Scales
Scale

Chronbach's Alpha

Noise Sensitivity: NS

.7182

Noise Annoyance: NA

.6662

General Health: GH

.7559

Sense of Vitality: Vitality

.8486

Mental Health: MH

.8016

Emotional Coping Non-normalized: ECNN

.8486

Emotional Coping Normalized: ECN

.8015

Stress

.8618

Factor analysis was performed on each separate scale to insure the construct
validity of that particular scale. Construct validity has to do with a scale's ability to
measure what particular theme is intended to be measured (Portney & Watkins,

1993). For example, if a scale intends to measure one construct then there should

only be one factor loading present. For two constructs within a scale (e.g., ECNN
and ECN) there should be two distinct factor loadings. All Likert Scales in the

survey instrument used a 7-point range, which has shown to have a valid
approximation to an interval/ratio measurement in previous research (Kidder,
1984; Portney & Watkins, 1993).

Data Analysis
All survey data were entered into SPSS Data Entry Software and was quality
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assessed by random double entry, and by initial data cleaning procedures available in
the Data Entry Software. Statistical analysis was primarily done using the Statistical

Package for the Social Sciences DOS version 5.1 (SPSS/PC+). SPSS Windows was
used to run the correlational analyses, since the correlational matrixes that were
produced controlled for type of CAN exposure.
Data analysis was divided into three sections; descriptive, correlational and
inferential analysis. Descriptive analysis displays respondent demographics, along

with mean scores for noise sensitivity, noise annoyance, coping styles, and health
measures which included; general health, sense of vitality, and mental health by

exposure type. The MOS SF-36 has a transformation algorithm that produces a
summary score from 0 to 100 (with 100 being a perfect indication) on each health
measure for each respondent. These transformed scores (TS) were obtained by
taking each individual raw score and performing the following mathematical function
on it:

TS = E [Raw Score

Lowest Score / Raw Score range] x 100.

Correlational analysis was used to ascertain relational associations among a

variety of variables, both in their direction and magnitude of association. All
correlations controlled for type of CAN exposure. Inferential analysis primarily

employed MANOVA and MANCOVA for the interval/ratio variables to assess main
effects on the dependent health variables, while controlling for experiment-wise alpha
inflation. Chi-square and standardized residual analysis were used for discrete

dependent variables. All inferential tests employed an alpha level of .05, and were

two-tailed when appropriate.

81

CHAPTER IV
RESULTS

This chapter presents the results of the data analysis. It is divided into three

main segments: (a) descriptive, (b) correlational, and (a) inferential. The descriptive
segment begins with the survey response rates for each community, and proceeds to
the demographic data delineating the characteristics of the study participant.

Descriptive characteristics include the following: gender, age, marital status,

educational level, income level, and work shift. Summary health measures are
presented by CAN exposure type, along with frequencies for stress symptoms, stress
symptom severity, and stress-related medication usage. The descriptive segment
concludes with noise-related measures that were examined; these include, noise
sensitivity, noise annoyance, occupational exposures to noise, and coping strategies.
Correlational analysis assessed the strength and direction of relationship between

different measurement variables. These included the associations among the health

and noise-related measures. Finally, the inferential results of the analysis are
presented. The inferential analysis was done to present statistical tests of
significance on the eleven research questions of this study.

Descriptive Data
Surveys were distributed via the U.S. Postal system to the four CAN exposed
neighborhoods located in the cities of Eagan (E-1), St. Paul (E-2), Minneapolis (E3), and Bloomington (E-4), and the one control population consisting of the two
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cities of Shoreview (C-1) and Mounds View (C-2), all located in the Twin Cities

Metropolitan area in the State of Minnesota. Of the 4000 surveys mailed, 2088 were
returned, and 2001 were deemed usable for the study (unusable surveys were either

blank or only partially completed). The study design was a stratified random sample
with replacement. Each strata of the exposed communities is a separate population

that was sampled, and each has its own specific response rate (See: Table 6). The
control population is actually one sampling strata, and as such will be combined for
the purposes of data analysis; the municipal distinction is for geographical reference
purposes only. Results are displayed and analyzed on the basis of CAN type

exposure, because this was a stratified study design and because the entire inferential
analysis is based on comparing the results among strata.
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Table 6
Survey Response Rate by CAN Exposure Type
Mailed

Returned

Un-usable

Usable

Rate

E-1:

500

291

5

286

57.20%

E-2:

500

285

17

272

54.40%

E-3:

500

342

22

320

64.00%

E-4:

500

262

15

251

50.20%

C-1

1500

725

41

694

46.27%

C-2

500

183

5

178

35.60%

Totals

4000

2088

105

2001

50.00%

CAN Exposure Type
High dBA Low Freq.
Low dBA Low Freq.

High Freq. High dBA
Low dBA High Freq.

Demographics

In the study sample of 2001, 53.2% (n=1065) were women and 46.8% (936)
were men. Subjects ranged in age from 18 to 99. The mean age of the sample was
47.45 years; 46.57 for women, and 48.45 for men. Seventy-one percent (n=1431)

were married, 10.1% (n=202) were single, 8.4% (n=168) were divorced, 7.3%
(n=147) were unmarried/widowed, .4% (n=9) were separated, and 2.2% (n=44)
were unmarried with a domestic partner. The mean for education was 14.93 years,

and the most frequent income category was $35,000 to $50,000. Time at current
residence ranged from one month to 72 years, with a mean of 13.26 years. The
mean hours at home per day for a typical week were 13.636. Sixty-seven percent of

subjects (n=1339) reported working day shift, 4.5% n=91) evening shift, 1.7%
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(n=35) night shift, and 26.8% (n=536) no shift.
Table 7 indicates the CAN exposure type specific proportion for gender, mean

age, mean body mass index (BMI), and years at residence. The proportion of
females and males were fairly similar in the sampling strata. However, E-2 and E-3
had a disproportionate number of female respondents versus males, with 61%

females (n=166) and 39% males (n=106) from E-2, and with 60.6% females
(n=194) and 39% males (n=126) from E-3. Gender proportions within controls
were similar to the exposed strata. Ages for each stratum were similar across all

strata with mean ages for E-1 of 43.62, E-2 of 48.71, E-3 of 49.97, and E-4 of
49.15, and for controls, a mean age of 46.91. BMIs were essentially the same
among the strata, except for E-4 (Bloomington) which was somewhat higher than the

other communities. The mean years at current residence ranged from a low of 9.82
in E-1 to a high of 19.56 in E-4, with an overall mean of 13.26 years. Overall mean
years of residence was 15 years for exposed and 12 years for controls, which the

longer length of residence that occurred primarily in E-4. For the most part,
controls were comparable in length of residency with exposed.
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Table 7
Demographic Measures by CAN Exposure Type

Gender

Mean Age

Mean BMI

Mean Years
at Residence

Females
Males

55.2%
44.8%

41.82
45.83

23.47
26.93

9.29
10.48

E-2
Females
Males

61.0%
39.0%

48.08
49.71

24.54
26.06

13.70
15.51

Females
Males

60.6%
39.4%

49.93
50.04

23.84
26.60

15.90
16.74

E-4
Females
Males

51.8%
48.2%

47.25
51.19

25.51
27.08

19.33
19.80

Females
Males

47.1%
52.9%

46.23
47.84

23.90
27.03

10.23
10.77

C-2
Females
Males

50.6%
49.4%

45.15
47.27

24.23
27.04

13.15
13.86

CAN Exposure Type
E-1

E-3

C-1

Marital status data is displayed in Table 8 and indicates the marital status specific

to each type of CAN exposure. The descriptive data of this study indicates that most
communities were similar in makeup. The vast majority were currently married,

ranging from 79.40% in E-1 to 55.90% in E-3. The separated marital status showed
the most divergence between exposed and controls. C-2 had the highest proportion
of subjects indicating they were separated at 6%, however E-2 and E-4 each had
Separated proportions of 4%.
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Table 8
Marital Status by CAN Exposure Type

Marital Status

E-1

E-2

E-3

E-4

C-1

C-2

Married

79.40%

66.20%

55.90%

62.90%

79.40%

74.70%

Single

7.30%

11.40%

17.80%

9.20%

8.10%

7.90%

Divorced

8.40%

6.00%

8.40%

12.70%

6.90%

10.70%

Unmarried
Widow

4.50%

12.10%

11.30%

12.00%

3.70%

5.10%

Separated

0.00%

4.00%

1.30%

4.00%

3.00%

6.00%

Unmarried
Partners

3.00%

3.30%

4.40%

2.80%

1.60%

1.10%

Income level was another important health factor to measure because health and

longevity tend to be positively associated with level of income. Table 9 displays the
proportion of subjects indicating their income range by CAN exposure type. The

most common income range was $35,000 to $50,000 for E-2, E-3, E-4, C-1, and C2. Only E-1 indicated a higher income range as the most common, that of $50,000

to $65,000. These ranges may seem low, however census data analyzed by the
Metropolitan Planning Commission indicates a similar income profile for these

communities. Controls were similar to exposed for all income categories, however

C-1 was different for the plus $100,000 category. C-1 had 13.40% indicating
incomes above $100,000, which was also the third most indicated category. E-2's

third most common category was $$95,001 to $100.000, and E-3's third most
common category was $75,001 to $85,000. Income was another factor controlled for
in the inferential analysis.
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Table 9
Income Ranges by CAN Exposure Type
E-1

E-2

E-3

E-4

C-1

C-2

< $10,000

0.00%

2.20%

2.20%

4.00%

1.40%

1.10%

$10,000-$15,000

2.40%

3.30%

4.70%

6.40%

3.60%

2.20%

$15,001- $20,000

2.80%

2.90%

4.10%

7.20%

2.40%

3.40%

$20,001-$25,000

2.40%

4.80%

4.70%

11.60%

4.90%

6.70%

$25,001-$30,000

5.60%

5.10%

9.10%

10.00%

7.80%

6.20%

$30,001-$35,000

8.00%

8.50%

7.80%

9.20%

5.90%

15.70%

$35,001-$50,000

15.00%

17.60%

23.80%

31.70%

17.40%

24.20%

$50,001-$65,000

24.80%

19.50%

17.80%

12.40%

17.10%

20.20%

$65,001-$75,000

17.50%

11.80%

5.80%

4.00%

8.90%

5.60%

$75,001-$85,000

4.90%

10.70%

10.60%

1.60%

7.90%

6.20%

$85,001-$95,000

4.50%

1.80%

3.10%

1.60%

3.90%

3.40%

$95,001-$100,000

6.60%

11.80%

1.60%

1.20%

5.20%

2.80%

>$100,000

0.00%

0.00%

4.70%

0.00%

13.40%

2.20%

Income Range

Education, like income level, was a factor that tends to be positively associated
with health and longevity. Table 10 displays the educational levels for each CAN

exposure type. The following proportion of subjects had a bachelors degree or

higher: E-1 40.6%, E-2 60%, E-3 41.2%, E-4 17.5%, C-1 56.6%, and C-2 32.6%.
This indicates that subjects from neighborhood E-2 were the most educated and

subjects from E-4 the least. High school levels differed the most, ranging from

24.20% in C-2 to 10.70% in E-2. Educational level achieved is an important health
related factor that was controlled for the in the current study.
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Table 10
Educational Levels by CAN Exposure Type
E-1

E-2

E-3

E-4

C-1

C-2

Grade School

2.10%

1.80%

1.60%

4.40%

0.70%

1.10%

High School

19.90%

10.70%

19.70%

33.90%

12.50%

24.20%

Vocational

18.50%

7.40%

11.60%

17.50%

9.80%

15.70%

Some College

18.90%

20.20%

25.90%

26.70%

20.50%

26.40%

BA or BS

28.70%

34.60%

28.10%

15.90%

36.70%

20.80%

Masters

10.50%

16.90%

8.40%

1.20%

15.00%

10.10%

PhD/JD/MD

1.40%

8.50%

4.70%

0.40%

4.80%

1.70%

Education Level

A person's work shift was an important concern because research indicates
negative health effects associated with working a thirdshift or a nighttime schedule.
Many factors were implicated in explaining this association among them were greater
stress on family relations and problems with daytime sleep patterns. Since workshift

was a potential stressor, the current study collected data to control for this effect.
Descriptive results for all respondents indicate that most worked a dayshift; 66.92%

(n=1339), 4.55 % (n=91) worked an evening shift; 1.65% (n=35) worked a
nightshift; and 26.79% (n=536) indicated they had no shift (meaning either they
were not working outside the home, were retired, or had a flex-time work schedule).
Table 11 shows the CAN exposure type specific proportions for each work shift

type. The exposure E-1 had the most day shift workers at 73.1%, and E-4 had the
lowest proportion of day shift workers, at 59.1 percent. These proportions were not
dissimilar for exposed versus controls, and thus were not a major concern in the
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inferential analysis.

Table 11
Work Shift Proportions by CAN Exposure Type

CAN Exposure
Category
E-1

E-2
E-3

E-4

C-1 and C-2

Day Shift.

Evening
Shift

Night Shift

None

73.1%

4.5%

3.5%

18.9%

(n=209)
65.1%

(n=13)
4.0%

(n=177)

(n=11)

59.1%

5.3%

(n=10)
1.1%

(n=54)
29.8%

(n=3)

(n=81)

0.9%

34.7%
(n =111)
31.1%

(n=189)

(n=17)

(n=3)

63.7%

(n=160)

4.4%

(n=11)

4.4%

(n=2)

(n=78)

69.3%

4.5%

1.9%

24.3%

(n=604)

(n=39)

(n=17)

(n=212)

Health Measures
Table 12 presents the smoking status for each of the CAN exposure types.
Smoking status was measured because of its enormous adverse impact on human

health that has been extensively researched over the past 40 years. Smoking status
readily offered a competing explanation for differences in health status if smoking

rates were dissimilar within the study populations. From the descriptive data, it can
be observed that the proportion of current smokers was significantly below national

rates of 28 to 32%. This may reflect the higher income and educational levels
within these communities. The exposure E-2 had the lowest proportion of current

smokers 11.4% (n=31), and E-4 had the highest at 20.7% (n=52). The proportion
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of previous smokers was approximately 1/3 of all respondents, and those who had
never smoked was approximately 50%.

Table 12
Smoking Status by CAN Exposure Type
Never

Never

Previous

Previous

Current

Current

E-1

155

54.2

90

31.5

41

14.3

E-2

147

54.0

94

34.6

31

11.4

E-3

160

50.0

102

31.9

58

18.1

E-4

110

43.8

89

35.5

52

20.7

Controls

485

55.6

273

31.3

114

13.1

CAN Exposure
Type

%

%

%

Three measures of health were obtained utilizing the MOS-36 Health Scale as

follows: General Health (GH), Sense of Vitality (Vitality), and Mental Health (MH).

In addition, the CDC stress index for stress was measured. Means for health
measures are provided in Table 13 by CAN exposure type. The health score scale

ranged from 0 to 100 scale, with a 100 indicating a perfect health score. The stress
score ranged from 0 to 100 scale, with 100 indicating the highest possible stress
level. Descriptive analysis indicated that the controls had the highest means for GH,

Vitality, and MH, and the lowest mean of stress (See: Table 13). Stress levels were
also measured to further establish the linkage between noise exposure and stress
reaction. Inferential analysis was subsequently performed for all the dependent

health measures by CAN exposure type.
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Table 13
Means of Health Measures and Stress Measure
by CAN Exposure Type
GH

Vitality

MH

Stress

E-1

75.63

60.80

72.89

31.52

E-2

75.27

61.15

74.62

29.55

E-3

71.48

57.87

72.37

34.33

E-4

70.20

57.23

70.80

34.09

Controls

76.32

63.17

75.85

29.05

CAN Exposure Type

Another health measurement category consisted of stress related manifestations.

Stress symptoms were assessed as set of dependent dichotomous variables, with
respondents indicating whether or not they had a particular stress symptom over the

past six months. Table 14 shows the proportions of each stress symptom by CAN
exposure type. The most common reported symptom was headaches, with E-1

reporting the most at 63.3 % (n=181), and E-2 and E-3 with the least 55.9% (n=152
and n=179). The second most commonly reported symptom was back pain, with E-

4 having the most at 65.7% (n=165), and E-2 the least at 50.4% (n=137). It
should be noted respondents could indicate the presence of more than one stress
symptoms (i.e., multiple stress symptoms).
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Table 14
Stress Symptoms by CAN Exposure Type
Symptoms

E-2

E-1
Yes

%

Yes

Yes

%

Yes

Yes

Control

E-4

E-3
%

Yes

Yes

%

Yes

Yes

%

Yes

Back Pain

149

52.1

137

50.4

187

58.4

165

65.7

481

55.2

Head Aches

181

63.3

152

55.9

179

55.9

156

62.2

517

59.3

Allergies

109

38.1

116

42.6

126

39.4

107

42.6

334

38.3

Skin Rash

45

15.7

48

17.6

61

19.1

58

23.1

152

17.4

High Blood
Pressure

47

16.4

57

21.0

90

28.1

55

21.9

170

19.5

Chronic
Fatigue

57

19.9

54

19.9

89

27.8

67

26.7

160

18.3

Ulcer

20

7.0

20

7.48

30

9.44

37

14.7

79

9.1

IBS

47

16.4

45

16.5

68

21.3

51

20.3

149

17.1

Chest Pain

30

10.5

32

11.8

58

18.1

41

16.3

115

13.2

Depression

105

36.7

97

35.7

127

39.7

94

37.5

281

32.2

Muscle
Spasm

64

22.4

57

21.0

65

20.3

79

31.5

165

18.9

Upset
Stomach

87

30.4

85

31.3

110

34.4

103

41.0

285

32.7

Diarrhea

74

25.9

64

23.5

91

28.4

84

33.5

217

24.9

Heart
Arrthymia

18

6.3

29

10.7

480

15.0

36

14.3

101

11.6

In addition, for each stress symptom, if the respondent indicated that they had the
symptom in the past six months, subjects were asked to indicate the severity of the

symptom on a Likert scale (See: Appendix). The severity of a stress served as

93

another proxy measure of the respondent's stress load. Subjects may have the same

stress symptom, but those exposed to CAN presumably has a greater stress load that
would manifest in the severity of their stress symptoms. The most severe stress

symptom was back pain, with the highest mean of 3.0524 in E-4, and the lowest
mean of 2.3736 in E-1. Headaches ranked second in severity with the E-4 exposure
having the highest mean of 2.7424, and controls had the lowest with a mean of
2.3956 (See: Table 15).

Table 15
Stress Symptom Severity Means by CAN Exposure Type
Symptoms

E-1

E-2

E-3

E-4

Control

Back Pain

2.3736

2.3911

2.5986

3.0524

2.4968

Head Aches

2.6717

2.4839

2.4498

2.7424

2.3956

Allergies

2.1962

2.1250

2.1938

2.1747

2.0166

Skin Rashes

1.3547

1.3710

1.4360

1.4454

1.3303

High Blood Pressure

1.4113

1.5000

1.6678

1.5852

1.4225

Chronic Fatigue

1.5321

1.5484

1.8651

1.7598

1.4635

Ulcer

1.0604

1.1169

1.1280

1.2969

1.0986

IBS

1.4415

1.3508

1.6090

1.4803

1.3867

Chest Pain

1.2000

1.1613

1.3149

1.3231

1.2305

Depression

1.6415

1.6935

1.8789

1.8996

1.5839

Muscle Spasm

1.5887

1.5605

1.3875

1.8690

1.3867

Upset Stomach

1.6151

1.6976

1.8651

1.9476

1.6223

Diarrhea

1.4453

1.4315

1.6194

1.6419

1.4097

Heart Arrthymia

1.1057

1.1774

1.2734

1.2751

1.1536
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Subjects were also asked whether or not they had utilized certain medications

over the past six months. The current study identified particular medications in the
literature that are taken or prescribed for health problems that are stress-related.
Utilization of medications served as another proxy measure of stress, because the

more serve the medical problem the more likely a person is pursue medical
intervention that often entails pharmacy adjuvants. This scale was a discrete
measure, thus Table 16 shows the proportions for each of the six stress-related
medications. The most commonly used medication was for high blood pressure,

among the exposed subjects, 15.9 % (n=180) indicated they used high blood

pressure medication, compared to 12.0 (n=105) among controls. The second most
commonly used medication was for stomach upset; 14.9% (n=168) indicated usage

among those exposed, compared to 12.3% (n=107) among controls. These results
were further analyzed in the inferential portion of this study.
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Table 16
Stress Related Medication Usage by CAN Exposure Type
E-1

E-2

E-3

E-4

Control

26

48

68

38

105

9.1

17.6

21.3

15.1

12.0

9

17

23

14

46

%

3.1

6.3

7.2

5.6

5.3

Yes

44

34

46

44

107

15.4

12.5

14.4

17.5

12.3

6

11

11

8

15

2.1

3.0

3.4

3.2

1.7

11

13

26

16

36

3.8

4.8

8.1

6.4

4.1

10

14

20

10

33

3.5

5.1

6.3

4.0

3.8

Stress Related Medication
High Blood Pressure

Yes
%

Heart Disease
Stomach Upset

Yes

%

Nervousness

Yes
%

Insomnia

Yes
%

Depression

Yes
%

Noise Related Measures
Two types of attitudes towards noise were measured; the endogenous noise

sensitivity scale (NS), and the exogenous noise annoyance scale (NA). NS was an
important factor to control for. This was because if levels of NS were distinctly
dissimilar between the CAN exposure types and controls, it would offer a legitimate
competing explanation to any obtained differences in health measures. NA was
another important measure of human morbidity that is associated with noise

exposures. NA was assessed to determine if there were differences in NA that were
related to the type of CAN exposure, and if NS could predict NA in a community-
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based study design. Results are displayed in Table 17. The scores were on a 0 to

100 scale, with increasing magnitude indicating a greater level of noise sensitivity or

noise annoyance. Noise sensitivity means were essentially the same, while noise

annoyance means range from a high of 50.42 in E-3 to a low of 23.14 in the
controls.

Table 17
Means of Noise Sensitivity and Noise Annoyance
by CAN Exposure Type

CAN Exposure Type

Noise Sensitivity

Noise Annoyance

E-1

58.6377

40.2001

E-2

57.4278

27.6757

E-3

60.2431

50.4167

E-4

58.7354

35.0155

Control

59.1573

23.1365

Each respondent was questioned as to their occupational exposure to noise.

Extensive previous research has indicated severe adverse health effects of
occupational exposure to noise, particularly regarding hearing loss, accidents, and

hypertension. Table 18 displays the proportion of work related noise exposure for

each CAN exposure type. For E-1 and E-3 approximately 26% indicated that they
were exposed to noise at their worksite, while other communities reported a much

small level of exposure of approximately 15%. The importance of this measurement
warrants several clarifications. First, there might be a large range in the actual
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decibel levels among those who had indicated that they were work exposed.

Secondly, there was no measure as to the length of time that they were exposed to

noise levels at work. Finally, there was no way of determining the nature of the
work related noise exposure (i.e., office equipment versus factory machinery).
Therefore, the significance of inferential results regarding occupational exposure to

noise was interpreted with caution. This study did not entail a detailed analysis of
the occupational noise exposure.

Table 18
Work Related Noise Exposure by CAN Exposure Type
Yes

No

None

% Yes

% No

% None

E-1

77

159

50

26.9

55.6

17.5

E-2

37

156

79

13.6

57.4

29.0

E-3

50

160

110

15.6

50.0

34.4

E-4

66

103

82

26.3

41.0

32.7

Control

136

521

215

15.6

59.7

24.7

CAN Exposure Type

Another noise-related segment of questions asked respondents if they had filed a

noise related complaint related to CAN and Non-CAN, and if yes how many times
had they done this. These measures were undertaken to address broader social-

policy issues involved in the airport expansion and locating concerns. Table 19
indicates the percentages and counts of noise complaints the subjects indicated they

had submitted to a governmental authority. These are results are presented by CAN
exposure type. Subjects were asked if they had ever filed a Non-CAN or CAN noise
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complaint, and if this was the case what quantity of complaints had they submitted.
The Non-CAN complaints are noise related complaints filed that are presumably

unrelated to CAN (e.g., neighbors children or animals, vehicular traffic, lawn

mowers, weed whackers, power tools, gardening equipment, etc.). The exposure E1 had the highest proportion of Non-CAN complaints at 10.1% (n=29), while

controls had the lowest proportion at 4.9% (n=43). The proportion of CAN
complaints were highest in E-1 with 33.9% (n=97) and E-3 with 33.1% (n=106).
The lowest level of CAN related complaints was in control community with 0.90%

(n=8).
Table 19
Subjects Report of Non-CAN and CAN Noise Complaint
by CAN Exposure Type

CAN Exposure Type

Non-CAN

Non-CAN
%

CAN
Yes

CAN

E-1

29

10.1

97

33.9

E-2

16

5.9

32

11.8

E-3

29

9.1

106

33.1

E-4

10

7.9

19

7.6

Controls

43

4.9

8

0.9

Yes

%

Coping Measures
Coping theory suggests that people will adopt a strategy or approach to deal with
a stressor. This study measured two main forms of coping, these were emotional

coping and behavioral coping. Emotional coping was divided into Emotional Coping
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Non-normalized (ECNN) and Emotional Coping Normalized (ECN). Emotional
coping is a strategy of changing the meaning of some intrusive event, to make it

more manageable. Regarding noise, scales were devised to assess whether or not the
subject had emotionally adapted to external noise; that is to say had they

"normalized" these external noises. A score of 100 indicated a total lack of nonnormalization (ECNN), or in the case of ECN 100 indicated total normalization.
Table 20 presents the summary scores of coping for all subjects, albeit; the variables

are of primary interest for the within exposure analysis. The highest ECNN means

were in E-1 and E-3 with means of 58.15 and 59.69. This indicates that high dBA
seems to be the dimension of CAN, rather than frequency of CAN, that people have
difficulty adapting to. The highest ECN mean, among the exposed, was within E-2
exposure, with 60.43 indicating that they had adapted to urban noises. This finding
appears plausible, given that the E-2 exposure is the least impacted by CAN among
the neighborhoods exposed.

Table 20
Emotional Coping Scores by CAN Exposure Type

CAN Exposure Type

ECNN

ECN

E-1

58.15

58.04

E-2

43.69

60.43

E-3

59.69

58.41

E-4

49.35

58.92

Control

38.38

60.90

100

Behavioral Coping is the strategy of taking some physical action against the

intrusive event. Table 21 presents the proportions of various actions used to address
external noises, these included making changes to one's home structure, using indoor

noise blocking equipment (e.g., white noise), using ear plugs, participating in a
governmental sponsored noise insulation retrofit to one's house, attending
governmental meetings regarding noise issues, and obtaining and reading information
on noise related issues to be better informed.

The first form of behavioral coping was making structural changes to one's

house. The E-3 exposure had the highest level of home change at 34.7% (n=111),
and E-1 was second highest with 23.8% (n=68). The lowest proportion indicating

home changes was in the controls with 9.5% (n=83). The use of noise blocking
equipment was surprisingly high, with approximately 25 % of the exposed subjects

indicating that they did use such equipment, compared to 17.4% among controls.

Ear plugs were the least used, with the highest proportion in E-3 of 7.8% (n=25).
Participation in a government sponsored home noise insulation was the highest in E-

3; 23.8% (n=76). Attending noise related meetings was the highest in E-3 with

47.2% (n=151), and the lowest in controls with 2.3% (n=20). Obtaining and
reading information about noise related issues was the highest in E-3 with 79.7%

(n=255), and the lowest in controls with 22.8% (n=199). The behavioral coping
results will be further considered in the inferential analysis.
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Table 21
Descriptive Behavioral Coping Data by CAN Exposure Type
House

Noise

Ear

Insulation

Meetings

Inform.

68

93

13

10

84

196

23.8

32.5

4.5

3.5

29.5

68.9

Yes

32

67

12

2

20

115

%

11.8

24.6

4.4

.7

7.4

42.3

Yes

111

143

25

76

151

255

%

34.7

44.7

7.8

23.8

47.2

79.7

Yes

56

72

8

15

63

153

%

22.3

28.7

3.2

6.0

25.1

61.0

Yes

83

152

27

5

20

199

%

9.5

17.4

3.1

.6

2.3

22.8

Type
E-1

E-2

E-3

E-4

Control

Yes

Descriptive Correlational Analysis
Correlations analysis was done to assess the magnitude and direction of
association among various continuous variables. Correlational associations do not

necessarily imply a causal relationship between two variables, but their association

per se may be of valuable interest to researchers.
Table 22 displays the correlations among the following variables within the CAN
exposed population: Noise Sensitivity (NS), Noise Annoyance (NA), Emotional

Coping Non-normalized (ECNN), and Emotional Coping Normalized (ECN). NS
was positively correlated with noise annoyance, meaning that the more one is

sensitive to noise the more one is currently annoyed with noise. NS was positively
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correlated with ECNN, meaning that the more a person is NS the higher will be that

person's ECNN score (.5682, p-value < .000). Thus, it appears NS does not
predispose a person to urban noise normalization. NS was negatively correlated with
ECN, which means that the more NS one is the lower one's noise normalization

score is (.-2293, p-value < .000). NS was also positively correlated with stress, thus
as NS increases, one's stress score increases (.1787, p-value < .000). The most
significant correlation was between noise annoyance (NA) and ECNN score (.7358,

p-value < .000). This indicates that subjects who were really annoyed with noise
also exhibited a lack of adaptation to urban noises.

NA was positively correlated with stress, indicating that as one's NA level

increased, one's stress score also increased (.2871, p-value < .000). ECNN was
negatively correlated with ECN (-.2691, p-value < .000), and ECNN was positively
correlated with one's stress score (.3485, p-value < .000). Finally, the ECN score
was negatively correlated with stress; and even though this correlation was
statistically significant, the magnitude of association was very weak (-.0757, p-value
< .001).
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Table 22
Correlations Among Noise Related
Behavioral Dimensions Controlling for CAN Exposure Type
NS

NA

ECNN

ECN

NS

1.0000

NA

.5145***

1.0000

ECNN

.5682***

.7358***

1.0000

ECN

-.2293***

-.2062***

-.2691***

1.0000

.3485***

-.0757**

.2871***
.1787***
Stress
Note: n=2001 2-tailed significance: * .01

Stress

1.0000

**.001 ***.000

Table 23 displays the correlations among the health variables for all sampling

strata, controlling for type of CAN exposure. The health measures of GH, Vitality,
and MH were positively correlated, and significantly correlated among each other.

This indicated that when GH, Vitality, and MH all had a positive linear relationship
to each other. Stress was negatively and significantly correlated with all three
dependent health measures, with the highest negative correlation between MH and

stress (-.7239, p-value <000), which indicated that the higher one's stress score, the
lower one's MH score.
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Table 23
Correlations Among Health Variables Controlled
for CAN Exposure Type
GH
GH

Vitality

MH

Stress

1.0000

Vitality

.4172***

1.0000

MH

.4864***

.6106***

-.3247***
-.5588***
Stress
Note: n=2001, 2-tailed test of significance: *.01

1.0000

-.7239***
**.001 ***.000

1.0000

Table 24 displays the correlations among the noise behavioral dimensions and the

health measure variable for all subjects in the CAN exposed communities. Most
important here, was that all health measures were negatively correlated with ECNN,
meaning that health scores decrease as level of non-normalization to external noises

increases. The magnitude of these correlations was quite small, implying that health
is not dependent upon a person's NS, NA, or emotional coping adaptation to urban
noises.

Table 24
Correlations Among Noise Related Behavioral Dimensions
and Health Variables Controlled for CAN Exposure Type
Behavioral Dimensions

GH

Vitality

MH

NS

+.0710

+.1285**

+.1340**

NA

+.1562**

+.2230**

+.2292**

ECNN

-.1355**

-.2454**

-.2785**

-.0138

-.0312

+.0111
ECN
ote: n =2001, -tailed test of significance:
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Inferential Analysis
Research Question 1:
Are there significantly differences in stress level based on the type of CAN
exposure?

An important underlying connection of this study was between noise exposure
and stress levels. Clearly, research has established that stress can be adverse to

health and well-being. There is also evolving research indicating that noise is
capable of inducing a human stress response. This study assessed the impact of a

particular type of sound intrusion, that of aircraft overflight noise. Many factors
compose a person's stress load and noise is only one contributor, and if subjects
exhibit different stress levels based on noise exposure, it would further the postulated
linkage between stress and CAN.

Research Question No. 1 was designed to determine if CAN exposure type could
differentiate stress levels. This research question was analyzed using analysis of

variance (ANOVA), and a Tukey Post-hoc test to determine which CAN exposure

type was significantly different. The logic of ANOVA is that the within-subject
variance (the error term) should be the same for each group, but the between-subject
variance should reflect the differences based on the treatment effect (in this study

CAN exposure types). Follow-up or Post-hoc tests are traditionally done to
determine which group or groups are significantly different. The Post-hoc tests used
in this study is the Tukey Honestly Significant Difference test. Tukey's test is

considered in the middle between the conservative Scheffe Test (i.e., low risk for
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Type I errors) and the liberal Bonferoni Test (i.e., low risk for Type II errors)
(Howell, 1992; Norusis, 1990).

Table 25 shows a significant omnibus F-test. These results indicate that mean
stress scores were significantly different among the five groups of CAN exposure in
the study.

Table 25
Univariate ANOVA for Stress Means by CAN Exposure Type
Source

df

Sum of Sq.

Mean Sq.

F Ratio

F Prob.

Between Groups

4

9898.1240

2474.5310

6.4524

.0000

Within Groups

1996

765474.2362

383.50410

Total

2000

775372.3601

Table 26 displays the results of the Tukey Post-hoc tests. Results indicate that
mean stress scores were significantly higher for CAN exposure types E-4 and E-3.
These findings suggest that it was the high frequency of aircraft overflights that

resulted in high stress, more than the high dBA.

107

Table 26
Post-hoc Comparison Tukey Test for Stress
by CAN Exposure Type

CAN Exposure Type

Means

Control

29.0520

E-2: Low dBA Low Freq.

29.5445

E-1: High dBA Low Freq.

31.5171

E-4: Low dBA High Freq.
E-3: High dBA High Freq.

Significantly
Different

P-value

34.0859

*

.01

34.3316

**

.001

Research Question 2:
Are subject's health measures significantly different by CAN exposure type?

The primary question of the study was whether or not health differences were

evident based on the type of CAN exposure. Multivariate analysis of variance
(MANOVA) was used to answer this research question.
MANOVA is essentially an extension of ANOVA with multiple dependent

variables; the omnibus F-test tests whether or not the vector means (the centroids)
differ based on the groups that subjects are in. For question No. 2, the three health

measures (GH, Vitality, MH) were combined into a multidimensional value called a

vector. Each of the five CAN exposures constitutes a group with a mean health
score; however, since there are three dependent health measures, the mean for each

health measure was combined into a vector mean. Hence, MANOVA tests for
differences in the health vector means, or centroids, based on the type of CAN
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exposure. The difference with ANOVA is that MANOVA tests for between-group
versus within-group difference not on variance of individual group means, but
variability against the centroids, and furthermore the MANOVA procedure does not
produce an omnibus ANOVA F-test statistic, it approximates an omnibus statistic

with four tests; namely, Phillais, Hotelings, Wilks, and Roys. (Portney & Watkins,
1993). In addition, the MANOVA procedure provides better control over Type I
experimentwise error rate associated with repeated ANOVAs for each dependent
measure.

Univariate F-tests and Roy-Bargman Stepdown F-tests are presented for

comparison, since the latter provides an adjustment for correlation among dependent
variables (Tabachnick & Fidell, 1989).
Results show a significant main effect for CAN exposure type as indicated in

Table 27. This means that there were significant differences in subject's scores on
GH, Vitality, and MH, and that these differences were evident based on CAN
exposure type.

Table 27
MANOVA of Health Measures by CAN Exposure Type
Value

Exact f

df

Error df

Sig. of F

Phillais

.02749

4.61557

12.00

5988.00

.000

Hotellings

.02809

4.66408

12.00

5978.00

.000

Wilks

.97259

4.64214

12.00

5275.92

.000

Roys

.02386

Test Name

Dependent health measures were loaded into the MANOVA model from highest
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to lowest by percentage of variance explained by the effect. The percentage of
variance explained by effect was calculated by taking the hypothesized sum of

squares and dividing it by the sum of the hypothesized sum of squares and by the

error sum of squares. This procedure is analogous to hierarchial regression, when
the independent variables are entered into the model on the basis of the proportion of
variance explained in the dependent variable.

Univariate F-tests and Roy-Bargman F-tests are presented in Table 28. The RoyBargman Step-down F-tests make an adjustment for colinearity among the dependent

health variables, and are presented for comparison purposes. Univariate F-tests were
significant for all three health measures, and the hierarchial Stepdown F-tests were

significant for Vitality and GH. These results indicate that subjects had different

mean health scores, for Vitality, GH, and MH, based on the type of CAN they were
exposed to. These differences were more evident, overall, for a person's sense of

well-being measured by vitality. This is, in part, due to the higher level of

correlation between GH and MH.

Table 28
Univariate F and Roy-Bargman Stepdown F-Test of Health Measures
by CAN Exposure Type

Health Measures

Univariate F

p-value

Stepdown F

p-value

Vitality

8.87954

.000

8.87954

.000

General Health

8.68148

.000

3.34071

.010

Mental Health

7.53577

.000

1.73512

.140
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Post-hoc simple contrast analysis was performed to determine where the

differences in health measures are regarding the type of CAN exposure compared to
controls. Significant contrasts for Vitality were found in E-1 (t=-1.99117, p-value

.04660), E-3 (t=-4.64225, p-value .00000), and E-4 (t=-4.75352, p-value .00000)
type exposures. T-tests and coefficients were all negative, indicating that the Vitality

scores in CAN exposed subjects were in the opposite direction from Vitality scores

for controls (See: Table 29). This indicates that Vitality scores were significantly
reduced for CAN exposures with both high frequency of aircraft overflights or with
high sound intensity levels (dBA).

Table 29
Post-hoc Simple Contrasts for Vitality
by CAN Exposure Type
Coeff.

Std Err

t-value

p-value

E-1: High dBA Low Freq.

-2.3674228

1.18896

-1.99117

.04660

E-2: Low dBA Low Freq.

-2.0221752

1.21178

-1.66876

.09532

E-3: High dBA High Freq.

-5.2940410

1.14040

-4.64225

.00000

E-4: Low dBA High Freq.

-5.9410548

1.24982

-4.75352

.00000

Estimates For Vitality

ote:

-tailed sigrn icance

Significant contrasts for GH were found in the two CAN type exposures that had

high frequency of CAN; E-3 (t=-4.16571, p-value .00003), E-4 (t=-4.80805, pvalue .00000)( See: Table 30). This means that GH was significantly different with
the E-3 and E-4 CAN exposures compared to the other exposures, suggesting that it
was the high frequency of aircraft overflights that was problematic for GH.
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Table 30
Post-hoc Simple Contrasts for General Health
by CAN Exposure Type

Estimates For General Health

Coefficient

Std Err

t-value

p-value

E-1: High dBA Low Freq.

-.69218780

1.21065

-.57175

.56756

E-2: Low dBA Low Freq.

-1.0526208

1.23389

-.85309

.39371

E-3: High dBA High Freq.

-4.8372807

1.16121

-4.16571

.00003

E-4: Low dBA High Freq.
Note: 2-tailed significance

-6.1188587

1.27263

-4.80805

.00000

Simple contrast analysis for MH were found to be significant for three CAN

exposure types; E-1 (t=-2.88491, p-value .00396), E-3 (t=-3.53481, p-value

.00042), and E-4 (t=-4.67396, p=.00000)( See: Table 31). This suggests that MH
was also broadly impacted by either high dBA or high frequency of aircraft
overflights as was the case for Vitality or a person's sense of well-being.
Table 31
Post-hoc Simple Contrasts for Mental Health
by CAN Exposure Type
Coeff.

Std Err

t-value

p-value

E-1: High dBA Low Freq.

-2.9629351

1.02705

-2.88491

.00396

E-2: Low dBA Low Freq.

-1.2379331

1.04676

-1.18263

.23710

E-3: High dBA High Freq.

-3.4821537

.98510

-3.53481

.00042

E-4: Low dBA High Freq.

-5.0461168

1.07962

-4.67396

.00000

Estimates For Mental Health

Note: 2- tailed significance
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Research Question 3:
Do subjects experience more stress symptoms by CAN exposure type?

Frequency of stress-related symptoms was another measure of stress that was
undertaken to assess the impact of CAN might have. Chi-square (x2 ) analysis and
Post-hoc Standardized Residual (SR) analysis was used to assess this research
question. For discrete data, Chi-square was used to test for significant differences in

stress symptoms indicated by CAN exposed and controls (Witte, 1993). When Chisquare analysis indicates a significant main effect, post-hoc tests are done to

determine which level(s) account for this significant association. For categorical
data, the post-hoc tests are done by calculating standardized residuals (SR) for each

category or level of the factor of interest (for this study the factor is type of CAN
exposure).

SRs are calculated by dividing the difference between observed

frequency and expected frequency by the square root of the expected frequency

(Portney, Watkins, 1993). When a SR is equal to or greater than 2, it is considered
statistically significant.

Eight of the 14 (57.14%) stress symptom items showed significant differences

based on type of CAN exposure, these were back pain (x2 =15.9373, df=5,
p= .00310), high BP (x2 =14.7297, df=5, p = .00530), chronic fatigue (x2

=17.6173, df=5, p= .00147), ulcer (x2 =11.9036, df=5, p= .01808), chest pain (x2
=10.2483, df=5, p= .03645), muscle spasm (x2 =18.6809, df=5, p= .00091), and
heart arrthymia (x2 =13.5412, df=5, p = .00891). SR analysis indicates that
significant differences in stress-related symptoms were associated with CAN types E-
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3 and/or E-4. This means that it was the high frequency of aircraft overflight, rather
than dBA per se, that appears to be adverse to human health (See: Table 32).

Table 32
Post-hoc Standardized Residual Analysis of Significant Stress
Symptoms by CAN Exposure Type

Control

Chi-Sq.

Pvalue

2.0761

.33663

15.9373

.00310

2.8099

.33092

.47988

14.7297

.00530

-.52523

2.5047

1.8303

.99657

17.6173

.00147

-1.2797

-1.0537

.05505

2.8382

.07467

11.9036

.01808

Chest Pain

-1.4975

-.8982

2.0931

1.0880

.19331

10.2483

.03645

Muscle
Spasm

-.08619

-1.2244

.59795

2.0761

.85611

18.6809

.00091

.003602

13.5412

.00891

Symptom

E-1

E-2

E-3

E-4

Back Pain

-.8619

-1.2244

0.5979

High
Blood
Pressure

-1.6668

0.00000

Chronic
Fatigue

-.51215

Ulcer

-2.6380 -.44544 1.7895 1.2891
Heart
Arrthymia
Note: = or > than 2 means statistically significant.

Research Question No. 4:
Is the severity of stress symptoms different by CAN exposure type?

Respondents were asked to assess the severity of their stress symptoms. This
was another measure of stress that was assessed in reference to CAN exposure types.

All stress severity variables were entered into a MANOVA model to test for the

main effect of CAN exposure. Results indicate that the severity of stress symptoms
were significantly higher based on CAN exposure type (See: Table 33).
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Table 33
Stress Symptom Severity by CAN Exposure Type
Value

Approx. F

Hypo. df

Error df

Sig. of F

Phillais

.06286

2.04941

56

7188.00

.000

Hotellings

.06429

2.05774

56

7170.00

.000

Wilks

.93841

2.05383

56

6980.45

.000

Roys

.02805

Test Name

Table 34 displays the univariate F-tests and the Roy-Bargman Stepdown F-tests

for the severity of each stress symptom. A significant F indicates that there was a
difference in the severity for that particular stress symptom based on type of CAN
exposure. Results indicate that nine of the fourteen stress symptoms were

significantly different based on the CAN exposure type. Four severity measures had
significant Roy-Bargman Stepdown F-tests, which takes into consideration the

colinearity among the dependent variables, and are provided for comparison

purposes. These findings suggest that CAN exposure may exacerbate stress
symptoms, and also indicates that some stress symptoms are more vulnerable to

exogenous stressors than others. For significant differences; the three highest stress
severity symptoms were muscles spasms, chronic fatigue, and low back pain, while
the three lowest were diarrhea, heart arrthymia, and high blood pressure.
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Table 34
Univariate F-tests and Roy-Bargman Stepdown F-tests
for Stress Symptom Severity by CAN Exposure

Univariate F

p-value

Step Down F

p-value

Low Back Pain

5.32048

.000

5.32048

.000

Headaches

2.32864

.054

1.90293

.107

Allergies

.98008

.417

.76035

.551

Skin Rashes

.75845

.552

.41061

.801

High BP

2.66356

.031

2.15178

.072

Chronic Fatigue

5.81523

.000

3.65817

.006

Ulcer

4.87504

.001

3.62590

.006

IBS

2.09055

.080

1.26047

.283

Chest Pain

1.63046

.164

.50721

.730

Depressed

3.97879

.003

.70462

.589

Muscle spasm

7.69535

.000

6.22323

.000

Upset Stomach

3.67280

.006

1.16162

.326

Diarrhea

2.94770

.019

.38585

.819

Heart Arrthymia

2.63408

.033

.67248

.611

Stress Symptom

Post-hoc contrast analysis was performed to identify which particular CAN
exposure type was significantly different for severity of each particular stress
symptom. Contemporary statisticians consider post-hoc analysis as appropriate even

if the omnibus test statistic is not significant (Howell, 1992). This is because the
overall F and post-hoc comparisons are testing different null hypotheses, with

different levels of power. In addition, requiring a significant overall F prior to
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conducting post-hoc comparisons ignores the fact that post-hoc comparison tests have
their significant level established irrespective of the F-test. Hence, the requirement

of a significant omnibus F alters the significance level for the post-hoc comparisons

and makes them more vulnerable to Type II errors (Howell, 1992; Wilcox, 1987).
The severity of back pain was found significant for E-4 CAN exposure type,

t=3.93316, p= .00009 (See: Table 35). This means that the severity of back pain
was significantly higher for subjects with E-4 CAN exposure, and suggests that it
was the high frequency of aircraft overflights that worsened back pain.

Table 35
Post-hoc Simple Contrasts for Severity of Back Pain
by CAN Exposure Type

Estimates For Back Pain

Coefficient

Std Err

t-value

p-value

E-1: High dBA Low Freq.

-.12321407

.13364

-.92201

.35664

E-2: Low dBA Low Freq.

-.10566994

.13701

-.77124

.44067

E-3: High dBA High Freq.

.101816941

.12943

.78668

.43157

E-4: Low dBA High Freq.

.555602771

.14126

3.93316

.00009

Note: 2- tailed significance

Severity of headaches were found to be significant for E-1 CAN exposure type,

t=2.14379, p=.03218, and for E-4 CAN exposure type, t=2.54718, p=.01094
(See: Table 36). This means that the severity of headaches was significantly greater

for subjects with E-1 and E-4 CAN exposures, suggesting that either high dBA or
high frequency worsened headaches.
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Table 36
Post-hoc Simple Contrasts for Severity of Headaches
by CAN Exposure Type

Estimates For Fatigue

Coefficient

Std Err

t-value

p-value

E-1: High dBA Low Freq.

.276051506

.12877

2.14379

.03218

E-2: Low dBA Low Freq.

.088224361

.13202

.66825

.50406

E-3: High dBA High Freq.

.054180383

.12471

.43444

.66402

E-4: Low dBA High Freq.
Note: 2-tailed significance

.346711472

.13612

2.54718

.01094

Severity of high blood pressure was found to be significant for E-3 CAN

exposure type, t=2.86885, p=.00417 (See: Table 37). This means that the severity
of high blood pressure was significantly greater for subjects exposed to E-3 CAN
exposure, suggesting that high dBA in combination with high frequency of aircraft
overflights worsened headaches.

Table 37
Post-hoc Simple Contrasts for Severity of High Blood Pressure
by CAN Exposure Type

Estimates For Fatigue

Coefficient

Std Err

t-value

p-value

E-1: High dBA Low Freq.

-.01121446

.08828

-.12703

.89893

E-2: Low dBA Low Freq.

.077464789

.09051

.85586

.39219

E-3: High dBA High Freq.

.245284858

.08550

2.86885

.00417

E-4: Low dBA High Freq.

.162617627

.09332

1.74263

.08157

Note: 2- tailed significance

Severity of chronic fatigue was found to be significant for E-3 CAN exposure

type, t=4.32663, p= .00002, and for E-4 CAN exposure, t=2.925, p= .00348 (See:
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Table 38). This means that the severity of chronic fatigue was significantly greater

for E-3 and E-4 CAN exposures, and suggested that high frequency of aircraft
overflights, with either high or low accompanying dBA, exacerbated chronic fatigue.

Table 38
Post-hoc Simple Contrasts for Severity of Chronic Fatigue
by CAN Exposure Type
Coeff.

Std Err

t-value

p-value

E-1: High dBA Low Freq.

.068567149

.09583

.715540

.47437

E-2: Low dBA Low Freq.

.084878740

.09825

.863930

.38774

E-3: High dBA High Freq.

.401543580

.09281

4.32663

.00002

E-4: Low dBA High Freq.
Note: 2-tailed significance

.296317005

.10129

2.92500

.00348

Estimates For Fatigue

Severity of ulcer was found to be significant for E-4 CAN type, t=4.01199,
p = .00006 (See: Table 39). This means that the severity of an ulcer was

significantly greater for subjects with E-4 CAN exposure, and indicated that it was
the high frequency of aircraft overflights that worsened an ulcer condition.
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Table 39
Post-hoc Simple Contrasts for Severity of Ulcer
by CAN Exposure Type

Estimates For Ulcer

Coefficient

Std Err

t-value

p-value

E-1: High dBA Low Freq.

-.03821419

.04677

-.817050

.41401

E-2: Low dBA Low Freq.

.018343935

.04795

.382540

.70210

E-3: High dBA High Freq.

.029436132

.04530

.649840

.51588

E-4: Low dBA High Freq.
Note: 2-tailed significance

.198351682

.04944

4.01199

.00006

Severity of irritable bowel/colon was found to be significant for E-3 CAN

exposure type, t=2.60927, p= .00915 (See: Table 40). This means that the severity
of an irritable bowel or colon condition was significantly greater for subjects with E3 CAN exposure, suggesting that it was the high frequency of aircraft overflights
coupled with high dBA that worsened the irritable bowel/colon condition.

Table 40
Post-hoc Simple Contrasts for Severity of Irritable Bowel/Colon
by CAN Exposure Type
Coeff.

Std Err

t-value

p-value

E-1: High dBA Low Freq.

.054825695

.08797

.623220

.53322

E-2: Low dBA Low Freq.

-.03587729

.09020

-.397770

.69084

E-3: High dBA High Freq.

.222312801

.08520

2.60927

.00915

E-4: Low dBA High Freq.

.093665606

.09299

1.00725

.31395

Estimates For Fatigue

Note: 2- tailed significance

Severity of depression was found to be significant for E-3 CAN exposure type

t=3.13355, p=.00175, and for E-4 CAN exposure type, t=3.07218, p= .00216
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(See: Table 41). This means that the severity of depression was significantly greater
for subjects with E-3 and E-4 CAN exposures, suggesting that it was the high
frequency of aircraft overflights that exacerbated a person's depression.

Table 41
Post-hoc Simple Contrasts for Severity of Depression
by CAN Exposure Type

Estimates For Fatigue

Coefficient

Std Err

t-value

p-value

E-1: High dBA Low Freq.

.057642597

.09721

.59295

.55329

E-2: Low dBA Low Freq.

.109681550

.09967

1.10045

.27128

E-3: High dBA High Freq.

.295025896

.09415

3.13355

.00175

E-4: Low dBA High Freq.
Note: 2-tailed significance

.315696481

.10276

3.07218

.00216

Severity of muscle spasms was found to be significant for E-1 CAN exposure

type, t=2.27885, p= .02279, and for E-4 CAN exposure type, t=5.14757,
p= .00000 (See: Table 42). This means that the severity of muscle spasms was
significantly greater for subjects with E-1 and E-4 CAN exposures, suggesting that
either high dBA or high frequency of overflights worsened muscle spasms.
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Table 42
Post-hoc Simple Contrasts for Severity of Muscle Spasms
by CAN Exposure Type

Estimates Muscle Spasms

Coeff.

Std Err

t-value

p-value

E-1: High dBA Low Freq.

.201995506

.08864

2.27885

.02279

E-2: Low dBA Low Freq.

.173800132

.09088

1.91243

.05598

E-3: High dBA High Freq.

.000859514

.08585

.01001

.99201

E-4: Low dBA High Freq.
Note: 2-tailed significance

.482311894

.09370

5.14757

.00000

Severity of upset stomach was found to be significant for E-4 CAN exposure

type, t=3.1180, p= .00185 (See: Table 43). This means that the severity of upset
stomach was significantly greater for subjects with E-4 exposure, suggesting that it

was the high frequency of aircraft overflights that worsened the condition of upset
stomach.

Table 43
Post-hoc Simple Contrasts for Severity of Upset Stomach
by CAN Exposure Type
Coeff.

Std Err

t-value

p-value

E-1: High dBA Low Freq.

-.00718479

.09868

-.07281

.94197

E-2: Low dBA Low Freq.

.075301516

.10118

.74427

.45681

E-3: High dBA High Freq.

.242772774

.09557

2.54017

.01116

E-4: Low dBA High Freq.

.325319124

.10431

3.1180

.00185

Estimates For Fatigue

Note: 2- tailed significance

Severity of diarrhea was found to be significant for E-3 CAN exposure type,

t=2.58355, p=.00986, and for E-4 CAN exposure type, t=2.62164, p=.00882
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(See: Table 44). This means that the severity of diarrhea was significantly greater

for subjects with E-3 and E-4 CAN exposure suggesting that either high dBA or high
frequency of aircraft overflights exacerbated a person's diarrhea.

Table 44
Post-hoc Simple Contrasts for Severity of Diarrhea
by CAN Exposure Type
Coeff.

Std Err

t-value

p-value

E-1: High dBA Low Freq.

.035551905

.08379

.42432

.67138

E-2: Low dBA Low Freq.

.021720499

.08590

.25285

.80041

E-3: High dBA High Freq.

.209646049

.08115

2.58355

.00986

E-4: Low dBA High Freq.

.232190283

.08857

2.62164

.00882

Estimates For Fatigue

Note: 2- tailed significance

Severity of heart arrthymia was found to be significant for E-3 CAN exposure

type, t=2.20261, p= .02775, and for E-4 CAN exposure type, t=2.04763,
p= .04074 (See: Table 45). This means that the severity of heart arrthymia was
significantly greater for subjects with E-3 and E-4 CAN exposure, suggesting that
either high dBA or high frequency of aircraft overflights worsened this condition.
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Table 45
Post-hoc Simple Contrasts for Severity of Heart Arrthymia
by CAN Exposure Type
Coeff.

Std Err

t-value

p-value

E-1: High dBA Low Freq.

-.04798879

.05612

-.85518

.39257

E-2: Low dBA Low Freq.

.023770187

.05753

.41315

.67954

E-3: High dBA High Freq.

.119707234

.05435

2.20261

.02775

E-4: Low dBA High Freq.
Note: 2-tailed significance

.121460003

.05932

2.04763

.04074

Estimates For Fatigue

Research Question 5:
Are there significant differences in the use stress-related medications based on
CAN exposure type?

Subjects were asked to report their use of stress-related medications. This served
as another dependent measure of a person's health status. Chi-square (x2) and SR

analysis was used to address this research question. Two of the stress related
medications were significantly different; high blood pressure medication (x2

=6.13304, df=5, p = .01327), and nervousness medication (x2 =4.27158, df=5,
p = .03876) (See: Table 46). The Phi statistic was also calculated, which is a true
Pearson's Product Moment calculation, and conveys the relative strength of the

association for categorical data. As Table 41 displays, the Phi statistics are all

relatively weak (+ or

1 being a perfect correlation).

124

Table 46
Chi-Square Analysis of Stress Related Medication Usage
by CAN Exposure Type

Chi-Square

p-value

Phi

High Blood Pressure

25.28480

.00004

.11241

Heart Disease

5.21872

.26558

.05107

Stomach Upset

5.74354

.21914

.05358

Nervousness

6.52274

.16336

.05709

Insomnia

9.58446

.04804

.06921

Depression

4.44575

.34903

.04714

Stress Related Medication

SR analysis was undertaken to determine which type of CAN exposure was

accounting for the significant differences that were found. CAN exposure type E-3,
with high frequency and high dBA of overflights, was significantly different for high
blood pressure and insomnia medication usage (See: Table 47).

Table 47
Post-hoc Standardized Residual Analysis of Stress-Related Medication Usage
by CAN Exposure Type

Medication

E-1

E-2

E-3

E-4

Control

High Blood Pressure

-2.3042

1.494953

3.317154

0.384941

-1.72282

Heart Disease

-1.67102

0.571863

1.342497

0.270172

-0.21764

Stomach Upset

0.749724

-0.55596

0.301511

1.617387

-1.16945

Nervousness

-0.48115

1.560843

0.977802

0.632456

-1.52811

Insomnia

-0.94216

-0.24140

2.40258

0.894427

-1.26063

-0.27260

-0.79593

-3.23738 0.640445 1.636147
Depression
Note: = or > than 2 means statistically significant.
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Research Question 6:
Are there significant differences in the use of behavioral coping strategies among
CAN exposure types?

One of the principal forms for coping with a stressor is referred to as behavioral
coping, which involves taking a problem-solving or fix-the-problem approach to the
source of the stressor. Respondents were asked what specific forms of noise
problem solving they had participated in or had directly undertaken. Chi-squared was

used to analyze this research question, along with the Phi correlation. Results
indicated that all forms of the behavioral coping were significantly different when
comparing CAN exposure types to controls (See: Table 48). Chi-square analysis
indicates that behavioral coping was not independent of CAN exposure types. This
means that people exposed to CAN indicated that they had undertaken the behavioral
coping tasks identified in the survey to a significantly greater extent than had
controls.

The Chi-square test indicates whether or not there was an association between
behavioral coping and CAN exposure types, and the Phi calculation indicated the
strength of that association. The strength of correlation was highest for attending

meetings (Phi= .34241) and the reading of noise information (Phi= .40748).

This

reflects the efforts by local governments to inform the citizens about noise related
matters, and their sponsorship of noise abatement insulation programs (these have

occurred primarily in the southern metropolitan area of the Twin Cities were the
airport is located).
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Table 48
Chi-Square Analysis of Behavioral Coping
by CAN Exposure Type

Behavioral Coping

Chi-SQ

P-value

Phi

Changes to House

122.02572

.00000

.24695

Noise Blocking Equipment

97.94445

.00000

.22124

Use Ear Plugs

13.61401

.00863

.08248

Gov. Sound Insulation Program

264.5980

.00000

.36364

Attended Meetings

402.99053

.00000

.44877

Read Information

419.29317

.00000

.45776

Chi-square analysis indicates that there were significant differences in the
utilization of behavioral coping strategies. Post-hoc SR analysis was done to

determine which particular CAN exposure type was significant for use of the
behavioral coping strategy. Structural changes to one's house were significant for E-

1 (SR=2.5623) and E-3 (SR=7.3497). This means more people made structural
changes to their house in order to block, or insulate themselves from, external noise
when they were exposed to high dBA.

Use of noise background equipment (i.e., white noise equipment) was significant

for E-1 (SR=2.0655) and E-3 (SR=6.3933). This analysis indicates that loud
external noise or high dBA resulted in a significantly greater use of background noise

equipment. Use of ear plugs was significant for E-3 (SR=3.1688). Although the
use of ear plugs was generally infrequent by respondents in this study, those exposed
to high dBA and high frequency of aircraft overflights did use ear plugs to a
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significantly greater extent. Government sponsored home insulation programs were

significantly more used in E-3 (SR=14.112). This means that subjects exposed to
high dBA and high frequency of aircraft overflights participated to a significantly

greater extent in government sponsored home insulation programs. These results
may reflect more the governmental availability of these home insulation programs
than individual initiatives.

Attending meetings, regarding noise abatement, was significant for E-1

(SR=5.1565), E-3 (SR=13.174), and E-4 (SR=3.1636). These results reflected the
significantly greater extent to which people who were exposed to high dBA and to

high frequency of aircraft overflights were willing to attend and express their
concerns and needs regarding this exposure in a public forum.
Finally, reading of noise related information/news was also significant for E-1

(SR=5.7000, E-3 (SR=8.9199, and E-4 (SR=3.5218). This means that people who
were exposed to either high dBA or high frequency of aircraft overflights were
significantly more likely to seek out information and news on this topic. Information
seeking is a common form of behavioral coping when confronting a stressor.
Behavioral coping results indicated significantly greater participation by those

exposed to CAN, and this was particularly the case for loud and frequent CAN
exposures (See: Table 49).
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Table 49
Post-hoc Standardized Residual Analysis of Behavioral Coping Strategies
by CAN Exposure Type

Behavioral Coping

E-1

E-2

E-3

E-4

Cont.

House Changes

2.5623

-2.2611

7.3497

1.8262

-5.6342

Noise Equipment

2.0655

-.55506

6.3933

.72569

-5.1322

Ear Plugs

-.00003

.17777

3.1688

-.07715

-1.5868

Gov. Sound Insulation

-1.3761

-3.3124

14.112

.37961

-6.1343

Attend Meetings

5.1565

-3.8335

13.174

3.1636

-10.493

Read Information
5.7000
-.87724
8.9199
ote: = or > than 2 means statistically significant.

3.5218

-10.057

Research Question 7:
Are measures of health independent of behavioral coping?
Behavioral coping was assessed in relationship to health status among those

exposed to CAN. Factor analysis revealed two distinct dimensions to behavioral
coping; (a) behavioral coping that was focused on changing external conditions of the
environment (BCE), and (b) behavioral coping that was focused on changing internal

conditions of the self (BCI). Chi-square test of independence was performed, and
results indicated that the two health measures of stress symptoms and stress
medication usage were not independent of behavioral coping styles; BCE and BCI.

This means that within the CAN exposed communities the occurrence of stress
symptoms and the use of stress-related medication was significantly less (See: Table
50).
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Table 50
Chi-Square Test for Independence of Health Measures
and Behavioral Coping Style for the CAN Exposed

Health
Measure

BCE

BCI

%

Chi-Sq.

df

p-value

%

Chi-Sq.

df

p-value

Stress
Symptoms

37.87

45.3659

1

< .001

31.73

18.5268

1

< .001

Stress
Medication

11.00

7.92678

1

< .005

13.66

19.3464

1

< .001

Research Question 8:
Are there significant correlations between health measures and emotional coping

by CAN exposure type?

Another approach to coping with a stressor is referred to as emotional coping,
where the person strives to change the meaning of the stressor and as such adapts to
it. Factor analysis of emotional coping data revealed two distinct forms of emotional

coping; emotional coping non-normalized (ECNN), and emotional coping normalized

(ECN). With the former, subjects were in an emotionally charged state regarding
external noises, and for the latter, subjects had reached a stage of adaptation.
To assess the relationships between health measures and forms of emotional

coping, a correlational matrix was produced comparing the correlations for each of
the dependent health measures with each of the two forms of emotional coping.
Table 51 shows a significant (albeit weak) negative correlation for GH and ECNN

for E-3 (-.2330**) which had high dBA and high frequency. This means that has a
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subject's health score increased their ECNN score decreased for those exposed to E-

3 CAN. ECN showed no significant relationship with GH, indicating that
normalization to urban noises by emotional coping had no impact or effect upon or
with a person's health status.
Table 51
Correlations of Health and Emotional Coping
by CAN Exposure Type

GH by CAN Exposure Type

ECNN

ECN

E-1: High dBA Low Freq.

-.1313

-.0531

E-2: Low dBA Low Freq.

.0117

-.0657

E-3: High dBA High Freq.

-.2330**

.0620

E-4: Low dBA High Freq.
ote: -tailed significance

-.1483

.1142

Table 52 shows three significant negative correlations between Vitality and

ECNN scores for E-1 (-.2677**), E-3 (-.3159**), and E-4 (-.2408**). This means
that as one's Vitality score increased their ECNN score decreased for E-1, E-3, and
E-4. A significant positive correlation was found between Vitality and ECN for E-4
(.1803*).

This means as person's Vitality score increased so did their ECN score

for E-4 CAN exposed subjects. It should be cautioned that even though these
correlations were statistically significant, their magnitude of association is weak.

Results show no significant relation between Vitality and ECN, suggesting little
connection between these two measures.
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Table 52
Correlations of Sense of Vitality and Emotional Coping
by CAN Exposure Type

Vitality by Type of CAN
Exposure

ECNN

ECN

E-1: High dBA Low Freq.

-.2677**

.0003

E-2: Low dBA Low Freq.

-.1449

-.0664

E-3: High dBA High Freq.

-.3159**

.1395

E-4: Low dBA High Freq.

-.2408**

.1803*

ote:

-tailed significance

Results in Table 53 indicate significant negative correlations for all four types of

CAN exposure. This means that as MH scores increased ECNN scores decreased.
Again, the magnitude of the correlation among these results is considered statistically

weak. This means that even though MH was worse for ECNN, the strength or
reliability of this association was of little practical significance. MH had no
significant association with ECN, suggesting that these two constructs were quite
independent of each other.

Table 53
Correlations of Mental Health and Emotional Coping
by CAN Exposure Type

Mental Health by CAN Exposure Type

ECNN

ECN

E-1: High dBA Low Freq.

-.2614**

-.0086

E-2: Low dBA Low Freq.

-.2417**

.0133

E-3: High dBA High Freq.

-.3186**

.1395

E-4: Low dBA High Freq.
ote: -tailed significance

-.2977**

.1432
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Research Question 9:
Do subjects differ on their level of noise sensitivity and on their level of noise
annoyance by CAN exposure type?

Extensive research has been done regarding noise sensitivity (NS) and noise

annoyance (NA) and their relation to increasing levels of sound. NS was measured
to control for a potential effect modifier that would offer a competing explanation to
any observed health outcome differences, and NA was measured to assess its
relationship to the frequency and intensity of aircraft overflights.
A One-way ANOVA and Post-hoc Tukey Test was used to assess this research

question. Results in Table 54 revealed no significant difference among the four
CAN exposure groups and controls. This means that noise sensitivity scores did not

differ significantly regardless of what CAN exposure community the subject resided
in.

These results indicate that NS was not a potential effect modifier

in this study.

Table 54
Univariate ANOVA for Noise Sensitivity Means
by CAN Exposure Type
Source

df

Sum of Sq.

Mean Sq.

F Ratio

F Prob.

Between Groups

4

1241.5016

310.3754

1.1974

.3099

Within Groups

1996

517361.8133

259.1993

Total

2000

5186033149
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Table 55 reported a significant omnibus F-test for mean noise annoyance among

the four CAN exposed groups and controls (F=96.6724, p= .0000). This means that
the mean NA for each CAN exposure group was significantly different from each
other.

Table 55
Univariate ANOVA for Noise Annoyance Means
by CAN Exposure Type
Source

df

Sum of Sq.

Mean Sq.

F Ratio

F Prob.

Between Groups

4

203637.5176

50909.3794

96.6724

.0000

Within Groups

1996

1051128.093

526.6173

Total

2000

The Post-hoc Tukey Test indicated significant differences in mean noise

annoyance levels. The most annoyed with noise were E-3 (p= .00001), E-1
(p = .001), and E-4 (p = .001) CAN exposures. The lease annoyed with noise were
E-2 CAN exposure (p= .01).

High dBA occurred within E-1 and E-3 exposures

which had the highest levels of noise annoyance (See: Table 56). This means that all
CAN exposure types were significantly different in level of noise annoyance

compared to controls, and E-3 differed the most. These results suggest that it was
the high dBA that created the highest level of NA, with E-1 and E-3 exhibiting the
most NA, rather than the frequency of aircraft overflights.
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Table 56
Post-hoc Comparison Tukey Test for Significant Noise Annoyance
by CAN Exposure Type
Significant
Different

P-value

27.6757

*

.01

E-4: Low dBA High Freq.

35.0155

**

.001

E-1: High dBA Low Freq.

40.2001

**

.001

E-3: High dBA High Freq.

50.4167

*****

.00001

CAN Exposure Type

Means

Control

23.1365

E-2: Low dBA Low Freq.

Research Question 10:
Does the level of noise sensitivity predict the level of noise annoyance among the
CAN exposed and is this impacted by the type of CAN exposure?

NA is more than simply a function of exposure to noises at different intensities

and frequencies. Level of NA is modifiable by the perceived controllability of the

noise source, time of day, and potential impact on one's well-being. Previous
research has indicated a strong relationship between NS and NA, but the question
remains if NS could predict NA in a community-based study, and if the CAN
exposure type would impact this prediction. Multiple regression analysis was used to

answer this research question, with CAN exposure types coded as independent
indicator variables.

Table 57 indicates a significant omnibus F-tests for predicting NA from level of
NS, and this was the case for all CAN exposure types and controls. This means that
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a person's sensitivity to noise could predict their level of annoyance with urban
noises independent of the CAN exposure, even when NA was significantly impacted

by type of CAN exposure. These results suggest that NS is an independent
construct, and when NS is high a person will be annoyed with noise irrespective of
whether the noises that are of low intensity (dBA) and of low frequency.

Table 57
Omnibus Regression Analysis of Noise Sensitivity Predicting Noise Annoyance
by CAN Exposure Type

R Square

F

F Significance

E-1: High dBA Low Freq.

.35655

157.37386

.0000

E-2: Low dBA Low Freq.

.24926

89.64429

.0000

E-3: High dBA High Freq.

.32606

153.85200

.0000

E-4: Low dBA High Freq.

.25727

86.24793

.0000

Controls

.26483

313.39902

.0000

CAN Exposure Type

Table 58 displays the multiple regression results of predicting NA by NS for each

particular CAN exposure. All the CAN exposure types and controls were
significant, which means that, irrespective of noise exposure, personal noise

sensitivity (i.e., how sensitive is the person to noise), determined how annoyed that
person was to urban noise.
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Table 58
Regression Analysis of Noise Sensitivity Predicting Noise Annoyance
by CAN Exposure Type

Variable

Beta

SE Beta

T

Sig. T

E-1: High dBA Low Freq.

NS

.931592

.0742610

12.545

.0000

E-2: Low dBA Low Freq.

NS

.643396

.0679954

9.468

.0000

E-3: High dBA High Freq.

NS

.961419

.0775110

12.404

.0000

E-4: Low dBA High Freq.

NS

.795247

.0856300

9.287

.0000

Controls

NS

.648562

.0366360

17.703

.0000

CAN Exposure Type

Research Question 11:
Are health measures significantly different after adjusting for effect modifiers by
CAN exposure type?

From the public health perfective, a person's health status is a function of a
enormous variety of factors; social-economic, education and income, marital status,

age, BMI, geo-political context, and environmental factors. The task of this final

research question is to sort out all of these other factors that contribute to a person's
health, termed effect modifiers, and determine the remaining effect of CAN exposure
on health status. In other words, after taking into consideration factors that are

commonly believed to impact a person's health, are differences in health measures
still evident based on CAN exposure.
Multivariate analysis of covariates (MANCOVA) was used to address this

research question, along with Post-hoc contrast analysis to determine which CAN

type was significant from controls after controlling for covariates. MANCOVA
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helps determine which of the covariates significantly contributed to explaining

variance in the health measures. The univariate F-tests along with the Roy-Bargman
Stepdown univariate F-tests were reported for dependent health measures.
Statisticians have cautioned against "over-adjusting" for potential effects by

extraneous variables, this is because over-adjustment can occur when a variable is
intermediate in a causal pathway, and secondly the variable can be highly correlated
with the outcome and yet have no causal basis between exposure and outcome

(Marsh, 1995, Robins, Greenland, 1980). In addition, significance tests generated
using any form of covariate analysis of variance produces test results that are based

on adjusted (and hence artificial) means. As such, the results occur by equating the
groups using the covariate's mean for all groups (Portney & Watkins, 1993).
Table 59 shows significant omnibus F-test estimates for the overall test of the

three dependent health measures by CAN exposure type. This means that after
adjusting for potential effective modifiers (the covariates), there was a significant

difference for all health measures (i.e., GH, Vitality, and MH) by the CAN
exposure.
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Table 59
Omnibus F-Tests of Health Measures by
CAN Exposure Type Adjusted for Covariates
Value

Approx. F

Hypo. df

Error df

Sig. of F

Phillais

.01348

2.24151

12.00

5961.00

.008

Hotellings

.01363

2.25331

12.00

5951.00

.008

Wilks

.98654

2.24783

12.00

5252.11

.008

Roys

.01233

Test Name

Table 60 presented the Univariate F-tests and the Roy-Bargman Stepdown F-tests
for each health measure adjusted for all the covariates. Significant Univariate F-tests

were found for all three of the dependent health measures. This means that health
measures were different in the CAN exposed subjects after being adjusted for all the
effect modifiers that were included in the study. In other words, CAN exposure
explained a significant portion of variance in the health measures even after adjusting

for a variety of competing factors that determine health. The Stepdown F-tests are
presented for comparison purposes and were significant for Vitality (F=5.60257,

p=.000), but not for GH and MH. This reflects, to some extent, the degree of
correlation between GH and MH, and between-group similarities which was further
examined in the Post-hoc contrast analysis.
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Table 60
Univariate F-Tests and Stepdown F-Tests Adjusted for Covariates

Health Measures

Univariate F

p-value

Stepdown F

p-value

Sense of Vitality

5.60257

.000

5.60257

.000

General Health

3.01470

.017

.48108

.750

Mental Health

3.72016

.005

.68013

.606

Table 61 displayed the MANCOVA results for each of the covariates entered into

the model for analysis of covariance for the dependent variable of GH. Significant

covariates included BMI (t=-4.161, p=.000), Smoking Status (t=-2.809, p =.005,

Age (t=-4.247, p= .000), Education (t=2.138, p=.033), Income (t=5.390, p =.000)
and work exposure to noise (t=-3.187, p= .001). This means that these particular
covariates were significant in contributing to the variance of the GH measure across
all communities. Significant contributions to explaining health was not unexpected
given the multifactorial nature of a human health.
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Table 61
MANCOVA of General Health and Effect Modifier Covariates
Beta

Std. Beta

Std. Error

t-value

P-value

BMI

-.35404

-.09393

.085

-4.161

.000

Gender

.68909

.01921

.827

.833

.405

Smoking Status

-1.52710

-.06220

.544

-2.809

.005

Marital Status

-.09576

-.06220

.360

-.266

.790

Age

-.13563

-.11313

.032

-4.247

.000

Education

.37931

.05203

.177

2.138

.033

Income

.84543

.13534

.157

5.390

.000

Work Exposure

-.85470

-.03180

.699

-1.222

.222

Work Shift

-.26655

-.07253

.084

-3.187

.001

Covariate

Table 62 displays the MANCOVA results for each of the covariates entered into
the model for analysis of covariance for the dependent variable of Vitality.

Significant covariates include BMI (t=-4.099, p= .000), Age (t=5.124, p=.000),
Income (t = 3.701, p=.000), and Workshift (t = 2.946, p= .003). This means that
across all communities these covariates were significant in their contribution to the

variance of Vitality. These can be further interpreted as follows: Vitality increased
with a decreasing BMI, Vitality increased with increasing age, Vitality increased
with increasing income, and Vitality decreased with night-time workshift.
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Table 62
MANCOVA of Sense of Vitality and Effect Modifier Covariates
Beta

Std. Beta

Std. Error

t-value

P-value

BMI

-.35344

-.09516

.086

-4.099

.000

Gender

-1.52621

-.04332

.838

-1.821

.069

Smoking Status

-.47299

-.01961

.551

-.8590

.391

Marital Status

-.48415

-.03186

.364

-1.329

.184

Age

.16585

.14122

.032

5.124

.000

Education

.31294

.04370

.180

1.741

.082

Income

.58820

.09586

.159

3.701

.000

Work Exposure

.30717

.01164

.709

.4330

.665

Work Shift

-.24964

-.06915

.085

-2.946

.003

Covariate

Table 63 displays the MANCOVA results for each of the covariates entered into

the model for analysis of covariance for the dependent variable of MH. Significant

covariates included; smoking status (t=-2.952, p= .003), age (t=3.718, p= .000),

education (t=3.291, p= .001), income (t=2.472, p=.014), and work exposure

(t=1.988, p= .047). This means that across all communities these covariates were
significant in their contribution to the variance of MH. These results can be further
interpreted as follows: MH increased with less smoking, MH increased with more
education and income, and increased MH was associated with lack of work exposure
to noise.
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Table 63
MANCOVA of Mental Health and Effect Modifier Covariates
Beta

Std. Beta

Std. Error

t-value

P-value

BMI

-.09000

-.02809

.075

-1.205

.228

Gender

-.79435

-.02613

.726

-1.094

.274

Smoking Status

-1.40825

-.06769

.477

-2.952

.003

Marital Status

-.27698

-.02113

.316

-.8780

.380

Age

.10421

.10285

.028

3.718

.000

Education

.53232

.08293

.156

3.291

.001

Income

.34030

.06429

.138

2.472

.014

Work Exposure

1.21984

.05357

.614

1.988

.047

Work Shift

-.08727

-.02802

.073

-1.189

.234

Covariate

Post-hoc contrast analysis was done to determine which specific type of CAN

exposure was significant for each the health measures; GH, Vitality, and MH. Table
64 displays the Post-hoc contrast results for all four type of CAN exposure compared

to controls for GH. Two CAN exposure types were significant; E-3 (t=-3.19935,

p= .00140), and E-4 (t=-2.11117, p= .03488). This means that for the GH
measure, after controlling for all effect modifiers, CAN exposure E-3 and E-4 were

significantly from controls. These results suggest that it was the high frequency,
more than the high intensity (dBA), of aircraft overflights, that was harmful to
human health.
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Table 64
Post-hoc Contrasts for General Health
by CAN Exposure Type Adjusted for Covariates
CAN

Coefficient

Std. Err.

t-value

p-value

E-1

-1.2637741

1.17226

-1.07807

.28114

E-2

-1.0164736

1.19195

-.852780

.39388

E-3

-3.6033163

1.12627

-3.19935

.00140

E-4

-2.6758309

1.26747

-2.11117

.03488

Table 65 displays the Post-hoc contrast results for all four CAN exposure types

compared to controls for the Vitality measure. Two CAN exposure types were

significant; E-3 (t=-4.33153, p=.00002), and E-4 (t=-2.91440, p=.00360). This
means that for the Vitality measure, after adjusting for all effect modifiers, CAN

exposure E-3 and E-4 were significantly from controls. This results suggest that is
was the frequency, rather than simply the sound intensity (dBA), of aircraft

overflights that worsened a person's sense of vitality (i.e., well-being and/or
aliveness).
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Table 65
Post-hoc Contrasts for Sense of Vitality by
CAN Exposure Type Adjusted for Covariates
CAN

Coefficient

Std. Err.

t-value

p-value

E-1

-1.6178630

1.18797

-1.36188

.17339

E-2

-2.1662102

1.20792

-1.79334

.07307

E-3

-4.9438002

1.14135

-4.33153

.00002

E-4

-3.7433862

1.28445

-2.91440

.00360

Table 66 displays the Post-hoc contrast results for all four type of CAN exposure

compared to controls for the MH measure. Three CAN exposure types were

significant; E-1 (t=-1.98939, p=.04680), E-3 (t=-3.1022716, p=.00172), and E-4
(t=-2.79024, p=.00532). This means that for the MH measure, after controlling for
all effect modifiers, CAN exposure E-1, E-3, and E-4 were significantly worst from
controls. These results suggest that MH was more broadly impacted by aircraft

overflights than was GH and Vitality. These results show that MH was worse for
either high dBA or high frequency of overflights.
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Table 66
Post-hoc Contrasts for Mental Health
by CAN Exposure Type Adjusted for Covariates
CAN

Coefficient

Std. Err.

t-value

p-value

E-1

-2.0465932

1.02875

-1.98939

.04680

E-2

-1.5512198

1.04603

-1.48295

.13825

E-3

-3.1022716

.98839

-3.13872

.00172

E-4

-3.1035983

1.11230

-2.79024

.00532
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CHAPTER V
DISCUSSION AND CONCLUSIONS
Discussion

This chapter provides a discussion of the results of the analysis regarding the
noise-related measures and associations with health measures, the impact of CAN

exposure on human health, and the theoretical implications of coping theory as a

modulator of noise stress and human health and well-being. This chapter is divided
into the following main subsections: (a) Descriptive correlational analyses, (b)
Research questions, (c) Research caveats, (d) Conclusions, and (e)
Recommendations. It will close with recommendations for further research

directions and suggested improvements.

Descriptive Correlation Analysis
The magnitude and direction of association between noise annoyance (NA) and

noise sensitivity (NS) have been crucial aspects of previous noise exposure research

(Ohrstrom, et al., 1988; Matsumura, et al., 1991). NS is considered an important
component in understanding the human annoyance response to noise exposure.

This study found a significant positive correlation between NS and NA, with a
magnitude and direction of relationship that is supportive of previous research.

Thus, the individual's endogenous or personal sensitivity to noise, irrespective of
where they are currently residing or levels and frequencies of noise exposure, was
associated with increasing levels of NA. NA was also significantly and positively
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associated with emotional copers that had not normalized to urban noises. Nonnormalizers are people who are still emotionally upset or agitated by common urban
noises. Importantly, NA was negatively associated with emotional copers that were

normalized to urban noises, i.e., as one's NA level increased their noise
normalization level decreased. These findings imply that a person's NA level may
be partly explained by coping strategy; those who perceive common urban noises as

a normal aspect of city living tend to have lower NA levels.
Previous research has found a consistent positive correlation between stress and

emotional coping (Aldwin & Revenson, 1987). This means that as stress increases,
so does emotional coping. This study distinguished two forms of emotional coping,
and it was the non-normalized emotional copers (ECNN) that had a significant
positive correlation with stress although the magnitude of the correlation was modest.

NA had a modest correlation with stress, indicating that NA is a distinct

dimension or aspect of a person's life. NS was significantly and positively
associated with ECNN, and negatively associated with ECN. This is understandable

given the strong correlation between NS and NA, yet it indicates that NS is an
important component in understanding emotional coping. The more NS a person is,
the more difficult it may be to normalize or adapt to urban sounds.
Regarding the three main dependent health measures of General Health (GH),

Sense of Vitality (Vitality), and Mental Health (MH), all of these were significantly
and positively correlated; albeit, the magnitude of correlation was moderate.
Moderate correlation among the dependent variables is considered appropriate for
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multivariate analysis. MH and Vitality had the highest magnitude of positive
correlation. Stress was significantly and negatively correlated with all three of the

health measures, particularly with MH. This means that the higher the stress score
the lower the MH score.
There is considerable debate in the literature regarding the causal directionality

between stress and health, i.e., does stress cause or reflect poor health.

Lazarus

and colleagues argue that stress is more effective in predicting health outcomes
because the individual takes into consideration the meaning of the stressor (Aldwin,

1994; DeLongis, Coyne, Dakof, Folkman & Lazarus, 1982; Lazarus & Folkman,
1984). In this study the meaning of CAN would be that of an uncontrollable sound
intrusion into one's daily living space. Attribution of this interpretation and
subsequent stress related reaction will obviously vary with the individual. This

variation was demonstrated by a study on bereavement following the death of a
spouse, which found significant differences in the meaning attributed to the event and
concomitantly with the level of stress experienced by the survivors (Wortman &
Silver, 1989).
The challenge to the Lazarus perspective is that of Dohrenwend and colleagues,

who argue that there is a fundamental problem with studies that rely on individual

appraisals of stress. The problem is that the response to stress may be a trait state,
such as pessimists or chronic complainers, and as such they would tend to over
interpreted everyday events as being stressful. Therefore, subjective measures of

stress are more a reflection of poor mental health rather than a cause (Dohrenwend,
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Dohrenwend, Dodson & Shrout, 1984). Most of the research evidence currently sides
with stress as a cause of poor health, particularly for mental health conditions such
as depression.

GH, Vitality, and MH, were weakly correlated with NS, NA, ECNN, and ECN.
This means that a person's level of NS and NA did not exhibit an important
association with health status. More detailed analysis is to follow that will consider

these relationships in regard to CAN exposure. What is interesting is that ECNN
subjects were all negatively correlated with the three health measures. These
correlations were small in magnitude, but it does suggest a consistent adverse pattern
of relationship between health outcomes the lack of normalization or adaptation to
urban noise.

Research Questions
Stress Results
Research question 1 analyzed whether or not CAN exposure type could

differentiate levels of stress. The underlying linkage of this study is between CAN
exposure and stress, thus it was important to evaluate stress load in light of noise

exposure. CAN, as an environmental stressor, is only one component of a person's
total stress load. Therefore, if CAN was able to differentiate stress levels then the

linkage between CAN and stress would be further advanced. Results of this analysis
showed a significant overall main effect for CAN exposure and mean stress levels.
Post-hoc comparison analysis found significantly higher stress levels for both CAN
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exposures that had a high frequency of aircraft overflights.
Previous laboratory and field research measured biomarkers of stress response

and noise exposure (Carter, 1989; Hygge, et al., 1993; Kristal-Boneh, et al., 1995;
& Maschke, et al., 1993), yet they had not included any self-assessment of stress by
subjects. The current study found that people did assess their lives as more stressed

by CAN exposure type. Noise is only one piece of a person's stress load, yet these
findings suggest that CAN exposure, particularly with high frequency of overflights,

does in fact, impact their registry of stress.
These results have public policy implications for governmental airport planning

authorities that have traditionally placed emphasis on dBA considerations, or sound
pressure levels, over the frequency of aircraft overflights. It may be that each

overflight not only manifested a stress-response, but reminded them of their lack of
control over a highly intrusive source of noise, and in combination resulted in greater
stress.

Health Results
Research question 2 addressed the central questions of the study; do subjects

differ on their health measures based on the type of CAN exposure type?

Research questions 3, 4, 5, and 10 addressed more detailed aspects of this core
question. Results indicated a statistically significant difference for the three health

measures by CAN exposure type. Univariate tests for each specific health measure,

general health (GH), sense of vitality (Vitality), and mental health (MH), were all
significantly different based on type of CAN exposure. Hierarchial Step-down F-
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tests indicates that Vitality and GH differed significantly based on CAN exposure

type, but this was not the case for MH. This is due, in part, to the Roy-Bargman
adjustment for the correlations between dependent variables (MH and Vitality were
significantly correlated).

Post-hoc contrast analysis determines which CAN exposure type accounted for

the overall difference in health means that were found. A Post-hoc contrast analysis
was done for each of the three dependent health measure based on CAN exposure

type. For GH, significant differences were found for two types of CAN exposure,
E-3 and E-4. This means that the GH measure was significantly different for those
subjects exposed to CAN of high frequency, when compared to controls. Thus, it
appears that it was the high frequency of aircraft overflights, more than the high
dBA, that adversely impacted the general health of the community.
Post-hoc contrast results for MH and Vitality indicated significant differences for

CAN exposure types E-1, E-3, and E-4. These results suggest that psychological
well-being is more broadly impacted by CAN as long as the type of exposure was

either of a high dBA or high frequency. The current literature is embroiled in
considerable debate regarding noise exposure and psychological morbidity (Hand, et

al. 1980; Kryter, 1990; & Stanfield, 1992). The current study's findings suggest
that noise exposure, particularly when considering the intrusive nature of CAN, has
an effect on a person's psychological well-being.
Another assessment of health involved the measurement of stress related
symptoms that were assessed for each subject. Eight of the fourteen stress symptoms
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differed significantly based on CAN exposure type; these included back pain, high

blood pressure, chronic fatigue, ulcer, chest pain, muscle spasm, and heart
arrthymia. Stress symptoms that did not differ significantly may be stress symptoms
that are (a) too commonly distributed in the population to show real differences

(these were; headaches, allergies, skin rashes, IBS, and chest pain), or (b) simply
less vulnerable to CAN exposure modification. Post-hoc analysis, determined which

CAN exposure type accounts for the overall difference that was found. Results show
significant differences for CAN exposure types E-3 and E-4.

These findings, again,

implicate the high frequency of aircraft overflights as a basic explanation of the
differences in stress symptoms, rather than high dBA alone.

Each subject who indicated that they had a stress symptom, was asked to rate the

severity of their symptom. All stress symptom severity ratings were treated as
dependent variables and tested for an overall difference based on CAN exposure type
using multivariate analysis. Stress symptom severity differed significantly based on

CAN exposure type. This suggests that CAN exposure may not only be contributing
to stress related morbidity, but may also be exacerbating these conditions. Post-hoc
contrast analysis was performed on stress symptom severity rating that was
significantly different, to identify which CAN exposure type accounted for the
overall difference.

Univariate Post-hoc analysis showed significant differences in severity of stress

symptoms based on CAN exposure type. These included; high blood pressure,
depression, upset stomach, diarrhea, and heart arrthymia which were all significantly
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different by CAN exposure types E-3 and E-4, headaches and muscle spasm were

significantly different by CAN exposure types El and E4, and chronic fatigue and
IBS, were significantly different by CAN exposure type E-3. Finally, low backpain

and ulcer were significantly different for CAN type E-4. These results are
suggestive of the role CAN may play in aggravating stress related human morbidity,
and particularly implicate either high frequency and high dBA aircraft overflight
exposures.

Respondents were asked to indicate whether or not they utilized common stress
related medications. This was another measure of health related morbidity and
severity of the disease, since the taking of medication implies that the condition is
severe enough to warrant the need for medication. Significant differences were
found in the taking of stress related medications by CAN exposure type compared to

controls, however this was true for only two of the six medical conditions (high
blood pressure and nervousness).

These results need further study since a great

variety of economic and cultural factors influence the utilization of pharmaceuticals
(Coles, 1994).

Covariate Results
Research question No. 10 involved the analysis of potential effect modifiers,
known as covariates, to determine whether there were significant differences in

health measures after adjusting for the influence of the covariates in the analysis. In
addition, assessing which covariates statistically significant in explaining the health

measures was undertaken. The multivariate technique known as MANCOVA was
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used for this research question.
A significant main effect was found for CAN exposure.

This means that after

adjusting the analysis for the covariates there were significant differences in health
measures by CAN exposure type. Univariate F-tests indicated significant differences

for each of the dependent health measures; GH, Vitality, and MH, while the RoyBargman hierarchial Stepdown F-test was significant only for Vitality. Thus, overall
health measures were significantly different based on CAN exposure types even after

adjusting for covariates. The Vitality measure exhibited less inter-correlation than
did GH and MH among the dependent variables, and was significantly different for
both the univariate and stepdown tests.

Analysis of covariates is interesting from a public health perspective. The gender
and martial status covariates were not statistically significant in explaining differences

for any of the three health measures. This means that in summary, the health effects
of the CAN exposure were not related to the gender or marital status of the
respondent. These findings contradict previous research that found significant

differences based on gender (Koszarny, Maziarka & Szata, 1981). Null results for
martial status also contrasts with previous research on the benefits of social support
for health status. It is theorized in the literature that social support "buffers" the

effect of the stressor by (a) preventing the perception of a stressor or (b) reducing

the severity of the reaction to the stressor (Cohen & Wills, 1985; & Smith, et al.,
1993). It is interesting to consider that either marriage is not universally effective as

a form of social support, or that CAN exposure is so intrusive that it usurps the
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stress buffer potential of marital social support.

BMI was statistically significant in explaining differences for GH and Vitality,

but not for MH. Smoking status was significantly for differences in GH, which is
hardly surprising given the prodigious research relating adverse health outcomes and

smoking. Smoking was also significant for differences in MH, which is supported
by other research on the addictive nature of nicotine dependency (Knapp, et al.,
1993).

A considerable number of previous studies have found that as age increases,
health status declines. Similarly, this study found a negative association between age

and self-reported health measures. Age was also significant for differences in MH
and Vitality, yet in a positive direction. This means that MH and Vitality scores
increased significantly with increasing age. Education was significant for differences

in GH and MH, but not for Vitality. Work exposure to noise was only significant
for differences in MH, however few respondents reported work exposure. Workshift

was significant for differences in GH and Vitality, by not for MH. Considerable
previous research has supported the thesis of adverse impacts of shiftwork on human

health and well-being (Chan, 1994; Escriba, 1992; Glazner, 1991; Harma, 1993;

Kurumatani, et al., 1994; Singer, Terborg & Mayer, 1994; Spelten, Barton &
Folkard, 1993; Williamson, Gower & Clarke, 1994; Xu, Ding, Li & Christiani,
1994).

Post-hoc contrasts were done for each of the three health measures to determine
within which CAN exposure type the differences occurred after being adjusted for
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the covariates. For GH CAN exposures
For Vitality CAN exposures
CAN exposures

E-1, E-3

E-3

and

and

E-4.

E-3

E-4,

and E-4 were significantly different.

and MH was significantly different for

These results all had negative t-values, which

means that the health measure was worst with that exposure type. These findings
demonstrate that even after adjusting for the covariates, it was the high frequency of

CAN exposure that was adverse for a person's health, and it was particularly adverse
to sense of well-being (Vitality).

These results indicate that MH is more broadly impacted than the other health
measures. MH was significantly reduced whether the CAN exposure was high dBA

or high frequency of aircraft overflights. Research regarding the effects of CAN on
mental health has had mixed results, and continue to be engulfed in controversy and
discussion (Abey- Wickrarm, et al.,

al.,

1980).

1969;

Gattoni & Tarnopolsky,

1973;

Hand, et

Previous research involved retrospective aggregate data analysis, which

is vulnerable to the ecologic fallacy. This study was the first to actually measure

mental health within CAN exposed communities by means of self-report by
respondents.

A measure related to MH was Vitality. These two measures were significantly
correlated, the latter being a measure of how energized and enthusiastic subjects felt

about their lives. Of the three main health measures used in the current study,
Vitality was consistently and adversely impacted by CAN exposure. This is a new
contribution to the research literature. Post-hoc analysis, adjusting for all effect

modifiers, found reduced Vitality for CAN types

E-3

and

E-4.

These results indicate
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that it is some characteristic of frequent aircraft overflights that impacts a person's
sense of well-being, their enthusiasm and energy for living. This observed
phenomenon of devitalization effect, provides an interesting hypothesis for

subsequent research. Previous research has found a linkage between sense of control
and well-being (Manusov, Carr, Rowane, Beatty & Nadeau, 1995; Rose, Sivik,

Tatjana, Delimar & Natasha, 1994), and it may well be that it is the lack of control
over CAN exposures that is crucial.

Coping Results
Research question No. 6 attempts to detect if there are behavioral coping
differences by the CAN exposure type, and whether type of behavioral coping was
adversely associated with health measures. Two dimensions of behavioral coping
were identified; behavioral coping that focused on changing external circumstances

(BCE), and behavioral coping that focused on changing internal circumstances of the

self (BCI). All of the behavioral coping actions were significantly different when

comparing CAN exposed to controls. These findings must be qualified, given the
low level of noise related behavioral coping exhibited among the control

communities. Behavioral coping measures were constructed to be relevant to noise
impacted communities, as such this form of behavioral coping assessment would not
be entirely meaningful for a quiet community.
Post-hoc analysis revealed that behavioral coping strategies occurred most often

in CAN exposure E-3, secondly in E-1, and thirdly in E-4. These results indicate
that the people residing in the community with the high dBA and high frequency are
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the most motivated to take some action.
For the CAN exposed communities behavioral coping and health outcomes were
analyzed and results revealed that stress symptoms and stress medication use were
higher among those who either were BCE or BCI compared to non-behavioral

copers. This brings into focus one of the challenging issues for coping research, as
to what constitutes effective and ineffective coping strategies. Coping theorists have
employed the goodness-of-fit approach in this assessment (Folkman, 1991, 1992).

Effective coping results in good outcomes. There are some problems with this
model in that not all coping can result in a good outcome, and secondly coping can
have differing outcomes such as improved psychological well-being but reduced

physical health (Folkman & Chesney, 1995). There is also the issue of
directionality, which is not entirely addressable with a cross-sectional design. Are
heightened stress symptoms and stress medication usage caused by behavioral coping

or reflect actions taken because of greater stress related health problems? Perhaps

the linear model of causality itself is inapplicable in this context. A person
experiences stressed related morbidities responds by feeling more personal duress,

which interacts with behavioral coping that does result in a corrective change to the
source of the stressor in life. Thus, instead of a linear causality model, perhaps an
iterative model is more appropriate to understand the complex person-environmentstress transactions. Further research in this regard in indicated. The current

findings indicate less stress symptoms and less stress medication usage for subjects

that are BCE and/or BCI. Coping by means of taking some action to ameliorate the
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problem rather than more passivity, appeared to convey a beneficial effect regarding
health.

Research question No. 7 investigated the relationship between emotional coping

strategies and the three main health measures of GH, Vitality, and MH. Both
emotional coping non-normalized (ECNN) and normalized (ECN) had little

correlations with Gil for any of the CAN exposure types. CAN type E-3 had a
significant negative correlation between GH and ECNN meaning that as ECNN

levels increased, and GH levels decreased. However, the magnitude of this
correlation was small. These findings indicate that emotional coping (either ECNN
or ECN) does not appear to convey a beneficial or harmful effect upon GH.
For Vitality and MH all four types of CAN exposure had negative correlation for
ECNN, although some CAN types were not significant and all correlations were of

modest magnitude. No correlations for ECN were important for Vitality and MH.
Distinguishing emotion-focused coping into ECNN and ECN was a unique aspect of
this research, and needs further investigation to establish their validity and interrelationship.

Behavioral coping tends to predominant when the stress is amenable to individual
or collective intervention, while emotional coping tends to predominant when the

stress is not controllable (Jerusalem, 1993; Lazarus & Folkman, 1984; & Sarafino,

1994). In the context of CAN, behavioral coping may be transitional to emotional
coping, and it is possible that ECNN is an intermediate stage to ECN (Prince &
Rooney, 1995). These considerations would be better explained in a prospective
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research design. What can be concluded is the subjects that are ECNN had low
measures of Vitality and MH across all types of CAN exposure compared to ECN,

and this was particularly the case for MH. ECNN are experiencing negative
emotions directed at uncontrollable noise pollution, and the finding of an adverse
effect upon Vitality and MH measures is not unreasonable.

Noise Sensitivity Results
Research question No. 8 sought to find out if NS differed among individuals
across all levels of CAN exposure compared to controls. This question is important
because if endogenous NS levels were different among the communities, then the

health, and other, measures may be more a reflection of people's sensitivity to noise
than to the effects of a stress-response. Statistical analysis indicated no significant
differences in NS level regardless of CAN exposure type or controls. This means

that respondents were essentially the same in their personal level of NS, and thus NS
was not a serious potential confounder for the current study.

Noise Annoyance Results
Research question No. 9 dealt with the matter of predicting NA by NS, and
whether this prediction was impacted by CAN exposure type. A prominent objective
of previous NA research has been to develop response curves that would enable

predicting level of NA that would result from a particular level of sound exposure.
Subsequent studies have shown that sound level only partly explain the level of NA

that people report. Another factor in predicting NA is NS, which has been studied
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in the laboratory using simulated sounds (Ohrstrom, Bjorkman & Rylander, 1988;

Stansfield & Shine, 1993). This study sought to ascertain if this predictive
relationship between NA and NS would hold in an actual community-based study.
Results showed a significant omnibus predictive model of NA regressed on NS,

and this was true for each CAN exposure type and controls as well. Thus, an
individual's endogenous noise sensitivity (i.e., their psychophysical reactivity or

attitudinal responsiveness to sound) is a good independent predictor of NA and, in
this case, for NA associated with CAN.

Previous research postulated that NS could

be impacted or conditioned by the type of sound exposure, because the level of

perceived threat would be different for particular sounds (e.g., gun shots in the street
versus from a target shooting range) (Stansfield & Shine, 1993). The current study
found no confirmation of this hypothesis.

Research Caveats
First, and foremost, this study employed a cross-section research design where
exposure and outcome are measured simultaneously. Traditionally this type of

design curtails the ability to make causal inferences in the form of exposure X causes

outcome Y. This is because an important criterion for establishing causality is
determining if the exposure preceded the outcome, i.e., correct temporality.

It

should be noted that this purported limitation in cross-sectional designs has itself
been recently criticized (Wang, Eddy & Westerfield, 1992).

There are a variety of

other criteria for assessing causality besides temporality; these include consistency of
association, strength of association, biological plausibility, and many others
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(Timmreck, 1994). The emphasis in the current study, however, was on establishing
health measurement differences and associations rather than predictive models.

A second limitation is that cross-sectional designs are not sensitive to the average

duration of disease. Some diseases (e.g., flu, gastritis) have a short natural history,

while others have a lengthy chronic duration (e.g., CHD, hypertension). The MOS36 takes into consideration this concern over point prevalence by asking the subjects

to reflect on their health over the past month, and the stress symptom. Similarly
stress medication indexes request information for the past six months.

Thirdly, with a cross-sectional design it only collects data from people who are

currently alive, and as such, there may be a survival bias toward hardier people in
the data. Although some studies have shown increased mortality associated with
proximity to commercial airports; mortality results in other studies have been

inconclusive. The current study did not involve assessing the association between
CAN exposure and human mortality. Its purpose was to determine differences in

human morbidity associated with CAN exposure types. There could well be a

residual survivor bias in the data. However, since the current research literature on
mortality rates and noise pollution is inconclusive, this bias should be minimal in the
current study.

A fourth major concern with any study design is that of confounding and effect
modification. Confounding is when some extraneous factor, which is associated with
the exposure and outcome of interest, is providing a hidden effect on the outcome
measurement (e.g., all blue-eyed people are more vulnerable to noise pollution, and
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by chance only blue-eyed people reside in the noise exposed communities and no
blue-eyed people reside in the control communities).

Confounding was addressed in the current study by measuring extraneous factors

and assessing their distribution within the study samples, and by use of a stratified
random sampling design that helped to insure an equal distribution of extraneous
factors within each stratum and as such canceling out their effect. Effect modifiers

are similar, yet are not considered extraneous factors, but rather important variables
that need to be measured to enable subtracting or adjusting for their contribution to

the outcome measurements. Given the fact that health has such a great variety of
contributing factors, it was presumed from the outset of the study that CAN exposure
would constitute a small explanatory piece of a person's health status.
Multivariate statistical procedures are typically employed to adjust for potential

effect modifiers, and this was done in the current study for the typical factors

influencing health (e.g., gender, age, BMI, smoking status, marital status, education,
and income). This study considered the potential effect of occupational noise

exposure and shift work, both of which are known to be adverse to health. The
occurrence of noise occupational exposure was significantly different by CAN

exposure types, with the highest proportion occurring within E-1 and E-4 (26.9%

and 26.3% respectively). Although the vast majority of respondents did not report
occupational exposure to noise (mean proportion was 19%), it was important to
control for this covariate in the MANCOVA procedure.

Finally, another typical concern for survey research is referred to as nonresponse
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bias. Survey research typically does not achieve a 100% response rate from those

people sent a survey. The concern is that the data collected could be biased because
there was some important characteristic among nonresponders that uniquely

distinguishes them from responders (Bordens & Abbott, 1991). For example, it is
possible that nonresponders were too depressed or sick to fill out a survey and this

would lead to an underestimating of mental and physical health problems. The main
approach to combat nonresponse-bias is to have as high as possible a response-rate

from one's sample. The current study employed the Dillman (1978) approach to
increasing response rate, by mailing the survey and cover letter out twice, which
targeted specifically the nonresponders (a log was kept of each returned survey to

avoid sending a second survey to a responder). Nonresponse bias involves the issue
of internal validity, and was addressed, in part, by undertaking a large sampling

design (n=4000). Overall, response rates were not as strong as hoped for,
particularly for controls, and this remains as a caution in interpreting the findings.
The current study rests on a presumption that noise exposure can manifest an
acute or chronic stress response, and this has been shown in laboratory research.
However, the current study did not measure any biomarkers of the stress response

such as catacholamine and cortisol hormones. These biomarkers would greatly
substantiate the presumption of a stress response. The collection of biomarkers and
assay was beyond the scope of available financial resources.
Finally, the data collected was dependent on the self-reporting of respondents,
and there is considerable evidence that people are not altogether honest when
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disclosing personal information regarding mental and physical health. This is
referred to as social comparison or social consensus bias, where people adjust their
own self-evaluation based on what they perceive to be the societal norm (Festinger,

1954; Sudman, Bradburn & Schwarz, 1996).

The current study combated this potential bias by two means. First, respondents
were assured in the cover letter that the survey was completely anonymous except for

the purposes of tracking returned surveys. They were also informed that all surveys
would be destroyed once the data was entered into a computer database. Secondly,
the study used a mailed survey approach to data collect allowing subjects to complete

the survey in the privacy of their home. New research demonstrates that people are
more honest about disclosing health information when comparing a mailed versus

phone survey (McHorney, Kosinski & Ware, 1994; Ware, 1995). It is theorized that
act of conveying health information to a live interviewer on the phone activates the
social consensus bias, and as such people adjust their responses to what they perceive

as the appropriate social norm. Hence, the mailed survey research design appears to
have greater validity when measuring health than the phone or face-to-face format.

Conclusions
Several important conclusions can be made regarding the results of this study.

First, in communities exposed to CAN, subjects reported greater levels of perceived

stress based on the type CAN exposure. The levels of stress were the highest in the
neighborhoods exposed to a high frequency of aircraft overflights, suggesting that it

was the sheer quantity of air traffic that was primary in manifesting stress, rather
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than the noise volume generated by such overflights.

Second, communities exposed to CAN do appear to have worse health measures
when compared to controls. This was particularly the case for the measure of a

person's sense of well-being or aliveness, known as Vitality.

Third, the health measures of GH and Vitality were significantly reduced for a

particular CAN exposure type, that of high frequency of overflights. Mental health
appears to be more broadly impacted by both the frequency of overflights and by the

intensity or dBA of the overflights. These findings were still evident even after
adjusting for a variety of potential effect modifiers or covariates.

Fourth, three other health related measures were also collected and analyzed in
this study; stress symptoms, stress symptom severity, and stress related medication

usage. Since all three of these stress related measures indicated significant
differences by CAN exposure types, it appears as though it is the exposure to CAN
that is causally related. Most of these stress related measures were significantly
higher based on CAN exposure, and this was particularly the case for CAN exposure
Types E-3 and E-4.

This raises an important question regarding temporality. Was it the CAN
exposure that was making people more stressed or did these subjects simply have

more stressful lives, and it is this latter condition that accounts for the health

differences? This question can be more thoroughly resolved in a pre/post cohort
study design. What can be stated from the current study is that people residing in
CAN exposed communities, particularly with high frequency and high dBA, appear
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to be more most stressed and subsequently exhibit more stress related symptoms.
The stress related measures were another measure of health status, and this analysis
found worse health outcomes by CAN exposure type.

Fifth, behavioral coping, whether BCE or BCI, was significantly different by

CAN exposure types E-1, E3, and E-4. Thus, behavioral coping occurred as a
strategy to deal with not only high frequency of overflights, but also for high dBA as
well. Since both BCE and BCI were found to have reduced frequency of stress

related symptoms, these results suggest a positive affect on health for taking some
form of problem-solving action.

Sixth, emotional coping was distinguished into ECNN and ECN. The former is
when a person is still emotionally activated toward CAN exposures, and the latter is
when a person has emotionally stabilized or adapted to urban noises. This venue of

inquiry was exploratory, and tacitly hypothesized that ECNN would have poorer, and
ECN would have had better, health status. Results only found modest support for

reduced health status for people who were ECNN, and found no improved health

status for those who were ECN. These findings warrant further investigation, and
suggest that cognitive state vis-a-vis a stressor may be less important than the actual
physical impact that accompanies the stressor.

Finally, communities exposed to CAN exposure do exhibit significantly greater

levels of NA, with high dBA and high frequency of aircraft overflights registering

the highest level of NA. What is interesting is that all communities exposed to CAN
expressed significantly higher NA from controls, therefore NA was independent of
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the frequency and the intensity of the overflights. NS levels did prove to be a good
predictor of NA, and this was true regardless of the CAN exposure type or nonexposure.

These results need to be interpreted with caution given the previously discussed

limitations of a cross-sectional study design, the absence of a biomarker measure of
the stress response, and lack of true experimental controls. Inferences regarding

causality, however, are never a statistical finding regardless of the research design.
Causal inferences between an exposure and health outcome are a logical finding, that
are based on the accumulation of evidence from carefully replicated research
(Tabachnick & Fidell, 1989).
These results have public policy implications as state, regional, and local levels
of government consider expanding or relocating commercial airport facilities across
the United States. Aircraft noise is physically and psychologically distinct from all

other forms of sound that impact the urban dweller. It is an unrelenting, high
intensity, and uncontrollable intrusion into people's lives. Certainly modern aircraft
travel has become an essential dimension of contemporary life. However, these

results suggest the need for careful consideration of the stress effects due to aircraft
noise exposures. Local and state levels of government come under enormous
pressures from private commercial interests when consider expanding or locating

commercial airports, along with need to protect the welfare of the public.
There are a great many sources of stress in modern life that impact a
community's health. This study focused only on one rather intrusive stressor, that of
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commercial aircraft overflights and the effects on human health and well-being.

Recommendations
Further research on the health effects of CAN exposure must be done. An ideal
study design would involve a prospective cohort design that included health measures

before and after the CAN exposure. This could be undertaken when an airport
expansion or a newly constructed airport facility is being planned. In addition,
health measures need to include a stress related biomarker. This typically would
include urinary catecholamine and cortisol hormones, along with immunological
assay. Findings of this study, particularly of a causal nature, must be interpreted

with caution because of its cross-sectional design and the potential for nonresponse

bias. Nonresponse among controls can be explained by the limited relevancy of the
survey questions to those residing in a quiet community.

Finally, this study is a first step in assessing the complex nature of a potentially
pervasive public health problem that has previously been little recognized in the
United State. Noise pollution may pose a serious and insidious threat to community

health as these findings indicate. Noise pollution, in whatever form, contributes to
our stress load, alters our daily life cycle of rest and recreation, and may alter social
interactions that are foundational to a functioning society. Additional prospective

cohort research, utilizing stress-related biomarkers and a pre- post-design, is needed
to confirm the adverse impacts on human health and well-being of CAN exposure

that was found in the current study.

170

REFERENCES

Abey-Wickrama, I., Brook, M. F., Gattoni, F. E. G., & Herridge, C. F. (1969).
Mental-hospital admissions and aircraft noise. The Lancet, 2; 1275-1277.
Aecherli, W. (1993). Psychological and social reasons for noise. In M. Val let
(Ed.), Noise As A Public Health Problem, Proceedings of the 6th International
Congress, Vol. 2. (pp. 321-322). Nice, France: Institute National De Recherche
Sur Les Transports Et Leur Securite.

Al'Abadie, M. S., Kent, G. G. & Gawkrodger, D. J. (1994). The relationship

between stress and the onset and exacerbation of psoriasis and other skin conditions.
British Journal of Dermatology, 130 (2), 199-209.

Aldwin, C. M. & Revenson, T. A. (1987). Does coping help? A reexamination
of the relationship between coping and mental health. Journal of Personality and
Social Psychology, 53, 337-348.

Aldwin, C. M. (1994). Stress, Coping, and Development. New York: The

Guilford Press.

Allen, M. T, & Patterson, S. M. (1995). Hemoconcentration and stress: A
review of physiological mechanism and relevance for cardiovascular disease risk.
Biological Psychology, 42 (1), 1-27.
Anderson B. L., Kiecolt-Glaser, J. K. & Glaser, R. (1994). A biobehavioral
model of cancer stress and disease course. American Psychologist, 49 (5), 389-404.
Ando, Y., Hattori, H. (1974). Reaction of infants to aircraft noise and effects of
the noise on human fetal life. Practice of Otolarengolity, 67, 129-136.

Ando, Y., Hattori, H. (1977). Effects of noise on human placental lactogen (hpl)
levels in maternal plasma. British Journal of Obstetrics and Gynecology, 84, 115118 .

Antonovsky, A. (1987). Unraveling The Mystery of Health: How People
Manage Stress and Stay Well. San Francisco: Jossey-Bass.
Aoki, S., Suzuki, S., & Yanai, H. (1991). The development of a new health
questionnaire, the Todai health index, as a tool for quantitative evaluation of
perceived physical and mental health. In Suzuki, S., & Robert, R.E. (Eds.),

Methods and Applications In Mental Health Surveys: The Todai Health Index.
Tokyo, Nippon: University of Tokyo Press.

171

Babisch, W., Ising, H., Gallacher, J. E. J., Sharp, D. & Baker, I. (1993a).
Traffic noise and cardiovascular risk: The speedwell study, first phase, outdoor noise
levels and risk factors. Archives of Environmental Health, 48(6), 401-405.
Babisch, W., Ising, H., Gallacher, J. E. J., Sharp, D. & Baker, I. (1993a).
Traffic noise and cardiovascular risk: The caerphilly and speedwell studies, second
phase, risk estimation, prevalence, and incidence of ischemic heart disease.
Archives of Environmental Health, 48(6), 406-413.
Bahadori, R. S. & Bohne, B. A. (1993). Adverse effects of noise on hearing.
American Family Physician, 47(5), 1219-1226.
Bandura, A. (1982). Self-efficacy mechanism in human agency. American
Psychologists, 37, 122-147.

Baum, A. & Singer, J. (1987). Handbook of Psychology and Health. New

Jersey: Lawrence Erlbaum Associates, Publishers.

Baum, A., Fleming, I., Israel, A. & O'Keefe, M. K. (1992). Symptoms of

chronic stress following a natural disaster and discovery of a human-made hazard.
Environment and Behavior, 24(3), 347-365.

Becker, A. B., Warm, J. S., Dember, W. N., Sparnall, J. & De Ronde, L.
(1992). Effects of aircraft noise on vigilance performance and perceived workload.
Proceedings of The Human Factors Society 36th Annual Meeting, 1513 -1517.
Bjorkman, M., Ahrlinu, U. & Ryland, R. (1992). Aircraft noise annoyance and
average versus maximum noise levels. Archives of Environmental Health, 47 (5),
326-379.

Blake, L. (1992, July 27). High tech may settle a noisy argument: Airport to test
sound levels. Minneapolis Star Tribune, p. 12A.

Bordens, K. S. & Abbott, B. B. (1991). Research Design and Methods: A
Process Approach. (Second Edition). Mountain View, CA: Mayfield Publishing
Company.

Borsky, P. N. (1961). Community Reactions to Air Force Noise. WADD

Technical report 60-689.

Borksy, P. N. (1972). Sonic boom exposure effects. Journal of Sound
Vibration, 20, 527-530.

172

Borsky, P. N. (1980). Review of community response to noise. In Proceedings
of the Third International Congress on Noise as a Public Health Problem in
Freiburg, FRG. Maryland: The American Speech-Language-Hearing Association.

Bourque, L. B. & Fielder, E. P. (1995). How To Conduct Self-administered
and Mail Surveys. London: SAGE Publication.
Boyd, R. F. (1995). Basic Medical Microbiology. Boston: Little, Brown and

Company.

Brenner, I. K., Shek, P. N. & Shepard, R. J. (1994). Sports Medicine, 17 (2),
86-107.

Brindley, D. & Rolland, Y. (1989). Possible connections between stress,
diabetes, obesity, hypertension and altered lipoprotein metabolism that may result in
atherosclerosis. Clinical Science, 77, 453-461.

Brown, E. F., Dennis, E. B. & Pendray, G. E., (Eds.) (1930). City Noise: A
Report of the Commission Appointed by Dr. Shirley W. Wynne, Commissioner
of Health, to Study Noise in New York City and to Develop Means of Abating It.
New York: Academy Press.
Bullen, R. B., Hede, A. J. & Kyriacos, E. (1986). Reaction to aircraft noise in
residential areas around australian airports. Journal of Sound and Vibration, 108,
199-225.

Burns, W. (1973). Noise and Man. London: John Murry Publishers.
Caerphilly and Speedwell Collaborative Group (1984). Caerphilly and Speedwell
collaborative heart disease studies. Journal of Epidemiology and Community
Health, 38, 259-262.

Carlestram, G., Karlsson, C. G. & Levi, L. (1973). Stress and disease in
response to noise. In Proceeding of the International Congress on Noise as a
Public Health Problem (pp. 479-497). Washington D.C.: US EPA, Office of Noise
Abatement and Control.
Caudell, K. A. (1994). Psychological factors associated with irritable bowel
syndrome. Gastroenterological Nursing, 17 (2), 61-71.

Chan, O.Y. (1994). Health of female shiftworkers in singapore. Annual of
Academic Medicine of Singapore, 23 (5), 706-709.

173

Chen, T. J., Chiang, H. C. & Chen, S. S. (1992). Effects of aircraft noise on
hearing and auditory pathway function of airport employees. Journal of
Occupational Medicine, 34 (6), 613-619.
Cockerham, L. G. & Shane, B. S. (1994). Basic Environmental Toxicology.
Boca Raton: CRC, 1994.

Cohen, J. & Cohen, P. (1983). Applied Multiple Regression/Correlation
Analysis for the Behavioral Sciences. Hillsdale, New Jersey: Lawrence, Erlbaum
Associates, Publishers.

Cohen, S. & Weinstein, N. (1981). Nonauditory effects of noise on behavior
and health. Journal of Social Issues, 37 (1), 36-70.
Cohen, S. & Williamson, G. M. (1991). Stress and infectious diseases in
humans. Psychological Bulletin, 109 (1), 5-24.

Cohen, S. & Wills, T. A. (1985). Stress, social support, and the buffering
hypothesis. Psychological Bulletin, 98, 310-357.

Coles, C. (1994). Medicine and stress. Medical Education, 28 (1), 3-4.

Cowan, J. P. (1994). Handbook of Environmental Acoustics. New York: Van

Nostrand Reinhold.

Cutnell, J. D. & Johnson, K. W. (1995). Physics, 3rd Edition. New York:
John Wiley & Sons, Inc.
Davidson, L. M. & Baum, A. (1986). Chronic stress and post-traumatic stress
disorders. Journal of Consulting and Clinical Psychology, 54, 303-308.
Dejoy, D. M. (1983). Environmental noise and children: Review of recent
findings. Journal of Audiology Research, 23, 181-194.
Dejoy, D. M. (1984). The nonauditory effects of noise: Review and perspectives
for research. Journal of Audiology Research, 24, 123-150.

DeLongis, A., Coyne, J. C., Dakof, G., Folkman, S. & Lazarus, R. S. (1982).
Relationship of daily hassles, uplifts, and major life events to health status. Health
Psychology, 1, 119-136.
DeLongis, A., Folkman, S. & Lazarus, R. S. (1988). The impact of daily stress
on health and mood: Psychological and social resources as mediators. Journal of
Personality and Social Psychology, 54 (3), 486-495.

174

Dillman, D. A. (1978). Mail and Telephone Surveys: The Total Design
Method. New York: Wiley Publishers.
Dinges, D. F., Douglas, S. D., Hamarman, S., Zaugg, L. & Kapoor, S. (1995).
Sleep deprivation and human immune function. Advanced Neuroimunology, 5 (2),
97-110.

Dohrenwend, B. S., Dohrenwend, B. P., Dodson, M. & Shrout, P. E. (1984).
Symptoms, hassles, social supports, and life events: Problem of confounded
measures. Journal of Abnormal Psychology, 93, 222-230.
Dristal-Boneh, E., Me lamed, S., Harari, G. & Green M. S. (1995). Acute and
chronic effects of noise exposure on blood pressure and heart rate among industrial
employees: the cordis study. Archives of Environmental Health, 50 (4), 298-304.

Duffy, L. C., Zielezny, M. A., Marshall, Jr., Byers, T. E., Weiser, M. M.,
Phillips, J. F., Calkins, B. M., Ogra, P. 1. & Graham, S. (1991). Relevance of

major stress events as an indicator of disease activity prevalence in inflammatory
bowel disease. Behavioral Medicine. 17 (3), 101-110.

Eggertsen, R., Svensson, A., Magnusson, M. & Andran, L. (1987).
Hemodynamic effects of loud noise before and after central sympathetic nervous
stimulation. Acta Medica Scandinavia, 221 (2), 159-164.
Eliot, R. S. (1992). Stress and the heart: Mechanisms, measurement, and
management. Postgraduate Medicine, 92 (5), 237-242.
Eller, L. S. (1995). Effects of two cognitive-behavioral intervention on
immunity and symptoms in persons with hiv. Annals of Behavioral Medicine, 17
(4), 339-348.

Elliot, R. S. (1993). Relationship of emotional stress to the heart. Heart
Disease and Stroke, 2 (3), 243-246.

EPA (1974). Information on levels of environmental noise request to protect
public health and welfare with adequate margin of safety. EPA 550/9-74-004.
Washington, DC: U.S. Environmental Protection Agency.

EPA (1978). Protective Noise Levels, Condensed Version of EPA Levels
Document. EPA 550/9 79-100. Washington, DC: U.S. Environmental Protection

Agency.

EPA (1978). Noise: A Health Problem. Washington, DC: Office of Noise

Abatement and Control.

175

Escribia, A.V. (1992). Nurses aptitudes towards shift work and quality of life.
Scandinavian Journal of Social Medicine, 20 (2), 115-118.
Federal Interagency Committee on Urban Noise (1981). Guidelines for
Considering Noise in Land Use Planning and Control. FAA, 1981-338-006/8071.
Washington, DC: U.S. Gov. Printing Office.

Fehm-Wolfsdorf, G., Soherr, U., Arndt, R. & Kern, W. (1993). Auditory

reflex thresholds elevated by stress-induced cortisol secretion.
Psychoneuroendocrinology, 18 (8), 579-589.

Festinger, L. (1954). A theory of social comparison processes. Human
Relations, 7, 117-140.

Fidell, S., Pearsons, K., Tabachnick, B., Howe, R., Silvati, L. & Barber, D. S.
(1995). Field study of noise-induced sleep disturbance. Journal of the Acoustical
Society of America, 98 (2), 1025-1033.
Fidell, S. & Silvanti, L. (1991). An assessment of the effect of residential
acoustic insulation on the prevalence of annoyance in an airport community.
Journal of Acoustical Society of America, 89 (1), 244-247.

Finegold, L. S., Harris, C. S. & von Gierke, H. E. (1992). Applied acoustical
report: Criteria for assessment of noise impacts on people. Journal of Acoustical
Society of America.
Fisher, S. (1986). Stress and Strategy. Hillsdale, New Jersey: Lawrence
Erlbaum Associates, Publishers.

Foddy, W. (1993). Constructing Questions For Interviews and
Questionnaires. Cambridge, UK: Cambridge University Press.
Folkman, S. (1991). Coping over the life-span: Theoretical analysis. Journal of
Personality and social Psychology, 46, 839-852.
Folkman, S. (1992). Making the case for coping. In B. Carpenter (Ed.),
Personal Coping: Theory, Research, and Application (pp. 31-46). New York:
Praeger Publishers.

Folkman S., Chesney, M. (1995). Coping with hiv infection. In M. Stein & A.
Baum (Eds.), Chronic Diseases: Perspectives in Behavioral Medicine (pp. 115133). New Jersey: Lawrence Erlbaum Associates, Publishers.

176

Folkman, S. & Lazarus, R. S. (1985). If it changes it must be a process: A
study of emotion and coping during three stages of a college examination. Journal
of Personality and Social Psychology, 48, 150-170.
Francois, J. (1980). Aircraft noise, annoyance, and personal characteristics. In
J.V. Tobias, G. Jansen, & D.W. Ward, (Eds.), Proceedings of the Third

International Congress on Noise as a Public Health Problem in Freiburg, FRG
(pp. 594-599). Maryland: The American Speech-Language-Hearing Association.

Friedenberg, L. (1995). Psychological Testing. Needham Heights, MA: Simon

& Schuster.

Friedland, N., Keinan, G. & Regev, Y. (1992). Controlling the uncontrollable:
Effects of stress on illusory perceptions of controllability. Journal of Personality
and Social Psychology, 63 (6), 923-931.

Fruhstorfer, B. (1988). Daytime noise load, a 24 hours problem? In B.
Berglund, U. Berglund, J. Karlsson, T. Lindvall (Eds.), Proceedings of Noise as a
Public Health Problem. Stockholm, Sweden: Swedish Council For Building
Research, Stockholm.

Fukudo, S., Nomura, T., Muranaka, M. & Taguchi, F. (1993). Brain-gut
response to stress and cholinergic stimulation in irritable bowel syndrome. Journal
of Clinical Gastroenterology, 17 (2), 133-141.
Galloway, W. J. & Bishop, D. E. (1970). Noise exposure forecasts: Evolution,
evaluation, extensions, and land use interpretations. Federal Aviation
Administration, Report FAA-NO-70-9.
Gattoni, F. & Tarnopoisky, A. (1973). Aircraft noise and psychiatric morbidity.
Psychological Medicine, 3 (4), 516-520.
Gehlback, S. H. (1993). Interpretating The Medical Literature. New York:
McGraw-Hill, Inc.

Giradano, D. E., Ever ly, G. S. & Dusek, D. E. (1993). Controlling Stress and
Tension. Englewood Cliffs, New Jersey: Prentice-Hall.
Glazner, L.K. (1991). Shiftwork: Its effect on workers. American Association
of Occupational Health and Nursing Journal, 39 (9), 416-421.

Goland, R. S., Conwell, I. M. & Jozak, S. (1995). The effect of pre-eclampsia
on human placental corticotrophin-releasing hormone content and processing.
Placenta, 16 (4), 375-382.

177

Grandjean. E., Graf, P., Lauber, A., Meier, H. P. & Muller, R. (1973). A
survey of aircraft noise in Switzerland. In Proceeding of the International
Congress on Noise as a Public Health Problem. Washington DC: U.S. EPA No.
550/9-73-008.

Grossarth-Maticek, R., Eysenck, H. J. & Boyle, G. J. (1994). An empirical
study of the diathesis-stress theory of disease. International Journal of Stress
Management, 1 (1), 3-18.
Gunn, W. J. (1978). A proposed theoretical framework for a comprehensive
research program on human response to aircraft noise. Journal of Audiological
Research, 18, 99-113.

Gupta, M. A. & Gupta, A. K. (1995). The psoriasis life stress inventory: A
preliminary index of psoriasis-related stress. Archives of Dermatology and
Venereology, 75( 3), 240-243.

Hafen, B. Q., Karren, K. J., Frandsen, K. J. & Smith, N. L. (1996).
Mind/body Health. Boston: Allyn and Bacon.
Halliday, D., Resnick, R. & Walker J. (1993). Fundamentals of Physics, 4th
Edition. New York: John Wiley & Sons, Inc.
Hand, D. J., Tarnopolsky, A., Barker, S. M. & Jenkins, L. M. (1980).

Relationships between psychiatric hospital admissions and aircraft noise: A new

study. In J.V. Tobias, G. Jansen & D.W. Ward D.W. (Eds.), Proceedings of the

third International Congress on Noise as a Public Health Problem in Freiburg,
FRG. Maryland: The American Speech-Language-Hearing Association.

Hanson, E. K. S., Schellekens, J. M. H., Veldman, J. B. P. & Mulder, L. J. M.
(1993). Psychomotor and cardiovascular consequences of mental effort an noise.
Human Movement Science, 12 (6), 607-626.
Harma, M. (1993). Individual differences in tolerance to shiftwork: A review
(1993). Ergonomics, 36 (1-3), 101-109.

Hartikainen, A. L., Sorri, M., Anttonen, H., Tuimala, R. & Laara E. (1995).
Effects of occupational noise on the course and outcome of pregnancy.
Scandinavian Journal of Work, Environment, & Health, 20 (6), 444-450.
Henry, J. P. (1991). Biological basis of stress response. Integrative
Physiological and Behavioral Science, 27 (1), 66-83.

178

Hiramatsu, K., Yamamoto, T., Taira, K., Ito, A. & Nakasone T. (1993).
Response to questionnaire on health around a military airport. In M. Val let (Ed.)
Proceedings of the 6th International Congress, Noise As A Public Health
Problem: Vol. 2. Nice, France: Institute National De Recherche Sur Les
Transports Et Leur Securite.
Hobfall, S. (1989). Conservation of resources: a new attempt at conceptualizing
stress. American Psychologist, 44, 513-524.

Horne, J. A., Reyner, L. A., Pankhurst, F. L. & Hume, K. I. (1995). Patterns
of spontaneous and evoked body movements during sleep. Sleep, 18 (3), 209-211.
Horonjeff, R. & McKelvey, F. X. (1994). Planning and Designing of
Airports. New York: McGraw-Hill, Inc.
Howell, D. C. (1992). Statistical Methods for Psychology, Third Edition.
Boston: PWS-Kent Publishing Company.

flume, K. I. & Thomas, C. (1993). Sleep disturbance due to aircraft noise at a
rapidly expanding airport (Manchester airport). M. Val let (Ed.) Proceedings of the
6th International Congress, Noise As A Public Health Problem: Vol. 2 (pp. 563566). Nice, France: Institute National De Recherche Sur Les Transports Et Leur
Securite.

Hygge, S., Evans, G. W. & Bullinger, M. (1993). The munich airport noise
study: Psychological, cognitive, motivational, and quality of life effects on children.
In M. Val let (Ed.) Proceedings of the 6th International Congress, Noise As A
Public Health Problem: Vol. 3 (pp. 301-308). Nice, France: Institute National De
Recherche Sur Les Transports Et Leur Securite.

Irwin, M. J., Smith, T. L. & Gilin, J. C. (1992). electroencephalographic sleep
and natural killer activity in depressed patients and control subjects. Psychosomatic
Medicine, 54, 10-21.
Ising, H. & Spreng, M. (1985). Effects of noise from military low-level flights
on humans. In B. Berglund, U. Berglund, J. Karlsson, T. Lindvall, (Eds.),
Proceedings of Noise as a Public Health Problem. Stockholm, Sweden: Swedish
Council For Building Research.

Janoff-Bulman, R., Marshall, V. W. (1982). Mortality, well-being and control:
A study of a population of institutionalized aged. Personality and Social
Psychology Bulletin, 8, 691-698.

179

Jemmott, J. & Locke, S. (1984). Psychosocial factors, immunological mediation,
and human susceptibility to infectious diseases: who much do we know?
Psychological Bulletin, 95, 78-108.
Jerusalem, M. (1993). Personal resources, environmental constraints, and
adaptational processes: The predictive power of a theoretical stress model.
Personality and Individual Differences, 14 (1), 15-24.

Jones, H. W., (Ed.) (1979). Noise In The Human Environment. Edmonton,

Alberta: Environment Council of Alberta.

Knapp J. M., Rosheim, C. L., Meister, E. A. & Kottke, T. E. (1993).
Managing tobacco dependence in chemical dependency facilities: A survey of current
attitudes and policies. Journal of Addictive Diseases, 12 (4), 89-104.
Karagodina, I. L., Soldatkina, S. A., Vinokur, I. L. & Klimukhin, A. A. (1969).
Effect of aircraft noise on the population near airports. Hygiene and Sanitation,
34, 182-187.

Kavaler, L. (1975). Noise, the New Menace. New York: John Day Company.
Kawada, T. & Suzuki, S. (1995). Instantaneous change in sleep stage with noise
of a passing truck. Perception and Motor Skills, 80 (3), 1031-1040.

Knapp, P. H., Elinor, M. L., Giorgi, R. G., Black, P. H., Fox, B. H. &

Heeren, T. C. (1992). Short-term immunological effects of induced emotion.
Psychosomatic Medicine, 54, 133-148.

Knapp J. M., Rosheim C. L., Meister E. A. & Kottke, T. E. (1993). Managing

tobacco dependence in chemical dependency facilities: A survey of current attitudes
and policies. Journal of Addictive Diseases, 12 (4), 89-104.

Knipschild, P. (1977). Medical effects of aircraft noise: General practice survey.

International Archives of Occupational and Environmental Health, 40 (3), 191196.

Knipschild, P. (1980). Aircraft noise and hypertension. In J. V., Tobias, G.,

Jansen, W. D., Ward (Eds.), Proceedings of the Third International Congress on
Noise as a Public Health Problem, (pp. 283-287). Rockville Maryland: American
Speech-Language-Hearing Association.

Knipschild, P., Meijer, H. & Herman, S. (1981). Aircraft noise and birth
weight. International Archives of Occupational and Environmental Health, 48,
131 -136.

180

Knipschild, P. & Oudshoorn, N. (1977). Medical effects of aircraft noise: Drug
survey. International Archives of Occupational and Environmental Health, 40
(3), 197-200.

Koszarny, Z., Maziarka, S, Szata, W. (1981). The effect of airplane noise on
the inhabitants of areas near the okecie airport in warsaw. Washington, D.C:
National Aeronautics and Space Administration, TM-75879.
Krantz, D. S. & Manuck, S. B. (1983). Acute psychophysiologic reactivity and
risk of cardiovascular disease: A review and methodological critique. Psychological
Bulletin, 96, 435-464.

Kristal-Boneh, E., Me lamed, S., Harari, G., & Green, M. S. (1995). Acute and
chronic effects of noise exposure on blood pressure and heart rate among industrial
employees: The Cordis Study. Archives of Environmental Health, 50 (4), 298304.

Kryter, K. D. (1990). Aircraft noise and social factors in psychiatric hospital
admission rates: a re-examination of some data. Psychological Medicine, 20 (2),
395-411.

Kurumatani, N., Koda, S., Nakagiri, S., Hisashige, A., Sakai, K., Saito, Y.,
Aoyama, H., Dejima, M. & Moriyama, T. (1994). The effects of frequently
rotating shiftwork on sleep and the family life of hospital nurses. Ergonomics, 37
(6), 995-1007.
Lang, T., Fouriaud, C. & Jacquinet-Salord, M. C. (1992). Length of
occupational noise exposure and blood pressure. International Archives of
Occupational and Environmental Health, 63, 369-372.
Lazarus, R. S. (1990). Theory-based stress management and commentary.
Psychological Inquiries, 1, 3-51.

Lazarus, R. S. (1993). Coping theory and research: Past, present, and future.
Psychosomatic Medicine, 55, 234-247.

Lazarus, R. S., Delongis, A., Folkman, S. & Gruen, R. (1985). Stress and
adaptational outcomes: The problem of confounded measures. American
Psychologist, 40, 730-777.
Lazarus, R. S. & Folkman, S. (1984). Stress, Appraisal, and Coping. New
York: Springer Publishing Company.

181

Lechin, F., van-der-Dijs, B., Lechin, A., Orozco, B., Lechin, M., Baez, S.,
Rada, I., Leon, G. & Acosta, E. (1994). Plasma neurotransmitters and cortisol in
chronic illness: Role of stress. Journal of Medicine, 25 (3-4), 181-192.
Leger, D. (1995). The cost of sleep-related accidents: A report for the national
commission on sleep disorders research. Sleep, 18 (4), 276-280.

Leonard, S. & Borsky, P. N. (1973). A causal model for relating noise
exposure, psycho-social variables and aircraft noise annoyance. In: Proceeding of
the International Congress on Noise as a Public Health Problem. Washington
DC: US EPA No. 550/9-73-008.

Levenstein, S., Prantera, C., Varvo, V., Scribano, M. L., Berto, E., Andreoli,
A. & Luzi, C. (1994). Psychological stress and disease activity in ulcerative colitis:
A multidimensional cross-sectional study. American Journal of Gastroenterology,
89 (8), 1219-1225.
LeVere, T. E. & Davis, N. (1977). Arousal from sleep: The physiological and
subjective effects of a 15 dB(A) reduction in aircraft flying over noise. Aviation,
Science, and Environmental Medicine, 48 (7), 607-611.

Levy, P. S. & Lemeshow, S. (1991). Sampling of Populations. New York:

John Wiley & Sons, Inc.

Lown, B., Desilva, R. A. & Reich, P. (1980). Psychophysical factors in sudden
cardiac death. American Journal of Psychiatry, 137, 1325-1335.

Lwanga, S. K. & Lemeshow, S. (1991). Sample size determination in health
studies: A practical manual. Geneva: World Health Organization.
MAC (1992). State Report 1992: Minneapolis-St. Paul International Airport.
Minneapolis, Minnesota: Metropolitan Airports Commission.

Mangione, T. W. (1995). Mail Surveys: Improving The Quality. Thousand
Oaks: SAGE Publications, International Education and Professional Publisher.

Manuck, S. B., Kaplan, J. R. & Matthew, K. A. (1986). Behavioral antecedents
of coronary heart disease and atherosclerosis. Arteriosclerosis, 6, 2-14.

Manusov, E. G., Can, R. J., Rowane, M., Beatty, L. A. & Nadeau, M. T.

(1995). Dimensions of happiness: A qualitative study of family practice residents.
Journal of American Board of Family Practice, 8 (5), 367-375.

182

Marsh, G. M. (1995). Statistical issues in the design, analysis, and interpretation
of environmental epidemiologic studies. In E. 0. Talbott, G. F. Craun, (Eds.)

Introduction to Environmental Epidemiology. New York: Lewis Publishers,
CRC.

Maschke, C., Breinl, S., Grimm, R. & Ising, H. (1993). The influence of
nocturnal aircraft noise on sleep and on catecholamine secretion. Schriftenr-VerWasser-Boden-Lufthyg, 88, 395-407.
Maschke, C., Gruber, J. & Prante, H. (1993). The influence of night-flight
noise on sleep: Changes in sleep stages and increased catecholamine secretion.
In M. Val let (Ed.) Proceedings of the 6th International Congress, Noise As A
Public Health Problem: Vol. 1 (pp. 53-57 ). Nice, France: Institut National De
Recherche Sur Les Transports Et Leur Securite.
Mason, J. W., Gil ler, E. L., Kosten, T. R. & Harkness, L. (1988). Elevation of
urinary norepinephrine/cortisol ratio in posttraumatic stress disorder. Journal of
Nervous and Mental Disease, 176, 498-502.
Matsumura, Y. & Rylander, R. (1991). Noise sensitivity and road traffic
annoyance in a population sample. Journal of Sound and Vibration, 151 (3), 415419.

McDowell, I. & Newell, C. (1987). Measuring Health: A Guide To Rating
Scales and Questionnaires. Oxford, England: Oxford University Press.
Mc Ewen, B. S. & Stellar, E. (1993). Stress and the individual: Mechanisms
leading to disease. Archives of Internal Medicine, 153, 2093-2101.

McHorney, C. A., Kosinski, M. & Ware, J. E. (1994). Comparisons of the
costs and quality of norms for the SF-36 survey collected by mail versus telephone
interview: Results from a national survey. Medical Care, 32, 551-567.

McKennell, A. C. (1963). Aircraft Noise Annoyance Around London
(Heathrow) Airport. London: UK Government Social Survey Report SS. 337.
McKinnon, W. & Weisse, C. S., Reynolds, C. P., Bowles, C. A. & Baum, A.
(1989). Chronic stress, leukocyte subpopulations, and humoral response to latent
viruses. Health Psychology, 8 (4), 389-402.
Meecham, W. C., & Shaw, N., (1993). Increase in mortality rates due to
aircraft noise. Schriftenr-Ver-Wasser-Boden-Lufthyg, 88, 428-441.

183

Meecham, W. C. & Shaw, N. (1979). Effects of jet noise on mortality rates.
British Journal of Audiology, 13 (3), 77-80.
Meecham, W. C. & Smith, H. C. (1977). Effects of jet aircraft noise on mental
hospital admissions. British Journal of Audiology, 11 (3), 81-85.
Milkovic-Kraus, S. (1988). Effects of noise on blood pressure. In B. Berglund,
U. Berglund, J. Karlsson & T. Lindvall (Eds.). Noise As A Public Health Problem
Proceeding, Vol. 1 (pp. 93-95). Stockholm: Swedish Council For Building
Research.

Milkovic-Kraus, S. (1990). Noise-induced hearing loss and blood pressure.
International Archives of Occupational and Environmental Health, 62, 259-260.

Monat, A. & Lazarus, R. S. (1991). Stress and Coping. New York: Columbia
University Press.

Mulvihill, M. L. (1991). Human Diseases. San Mateo: Appleton and Lange.

Naliboff, B. D., Benton, D., Solomon, G. F., Morley, J. E., Fahey, J. L,
Bloom, E. T., Makinoda, T. & Gilmore, S. L. (1991). Immunological changes in
young and older adults during laboratory stress. Psychosomatic Medicine, 53, 121132.

Neter, J., Wasserman, W. & Kutner, M. H. (1989). Applied Linear
Regression Models. Boston, MA: Irwin Inc.
Niaura, R., Stoney, C. M. & Herbert, P. N. (1992). Lipids in psychological
research: The last decade. Biological Psychology, 34, 1-43.

Nicolas, A., Tassi, P., Dewasmes, G., Ehrhart, J. & Muzet, A. (1993). Noise
during daytime sleep: EEG disturbances in shiftworkers. In M. Vallet (Ed.)
Proceedings of the 6th International Congress, Noise As A Public Health
Problem: Vol. 3 (pp. 347-352). Nice, France: Institut National De Recherche Sur
Les Transports Et Leur Securite.
Nikolic, M., Gec, M., Ivanovic, S., Micic, J., Sulovic, V., Nikolic, G.,
Sbutega-Milosevic, G., Belojevic, G. & Neskovic, B. (1991). Specific hormone
reactions to aircraft noise in pregnant women. Voice of the Serbian Academy of
Medical Science, 41, 81-85.

184

Nisi, J. & Muzet, A. (1988). Cardiovascular responses to noise during waking
and sleeping. In B. Berglund, U. Berglund, Karlsson, J. & Lindvall, T. (Eds.).

Noise As A Public Health Problem Proceeding, Vol. 1 (pp. 120). Stockholm:
Swedish Council For Building Research.

Nixon, C.W. (1965). Human responses to sonic boom. Aerospace Medicine,
36, 399-405.

Norusis, M. J. (1992). SPSS/PC+ Advanced Statistics. Chicago, Illinois:

SPSS Inc.
Inc.

Norusis, M. J. (1990). SPSS Introductory Statistics. Chicago, Illinois: SPSS

Nurminen, T. (1995). Female noise exposure, shift work, and reproduction.
Journal of Occupational Medicine, 37 (8), 945-950.
Ohrstrom, E. (1989). Sleep disturbance, psycho-social and medical symptoms: A
pilot survey among person exposed to high levels of road traffic noise. Journal of
Sound and Vibration, 133 (1), 117-128.

Ohrstrom, E. & Rylander, R. (1982). Sleep disturbance effects of traffic noise:
A laboratory study on after effects. Journal of Sound and Vibration, 84 (1), 87103.

Ohrstrom, E., Bjorkman, M. & Rylander, R. (1988). Noise annoyance with
regard to neurophysiological sensitivity, subjective noise sensitivity and personality
variables. Psychological Medicine, 18, 605-613.
O'Leary, A. (1990). Stress, emotion, and human immune function.
Psychological Bulletin, 108 (3), 363-382.
011erhead, J. B. & C. J., Jones (1993). Aircraft noise and sleep disturbance: A
uk field study. In M. Val let (Ed.) Proceedings of the 6th International Congress,
Noise As A Public Health Problem: Vol. 3 (pp. 353-358). Nice, France: Institut
National De Recherche Sur Les Transports Et Leur Securite.

Opp, M. R., Kapas, L. & Toth, L. A. (1992). Cytokine involvement in the
regulation of sleep. Proceedings of the Society of Experimental Biology and
Medicine, 201, 16-27.

Passchier-Vermeer, W. (1993). Noise and Health. Leiden, Netherlands: TNO
Institute of Preventive health Care.

185

Patterson, H. P. & Connor, W. K. (1973). Community responses to aircraft
noise in large and small cities in the usa. In: Proceedings of the International
Congress on Noise as a Public Health Problem. Washington DC: U.S. EPA, p.
707-718. No. 550/9-73-008.

Pedersen, C. A., Golden, R. N., Petitto, J. M., Evans, D. L., & Haggerty, J.
J., (1994). Neurobiological aspects of behavior. In A. Stoudemire (Ed.), Human
Behavior: An Introduction For Medical Students (2nd ed.) (pp. 347-412).
Philadelphia: J.B. Lippincott Company.
Pert, C., Ruff, M. R., & Weber, R. J. (1985). Neuropeptides and their
receptors: A psychosomatic network. The Journal of Immunology, 135, 820-826.

Peterson, P. K., Chao, C. C., Molitor, T., Murtaugh, M., Strgar, F., Sharp, B.

M. (1991). Stress and pathogenesis of infectious diseases. Review of Infectious
Diseases, 13 (4), 710-720.

Polan, C. A., Sherwood, A. & Light, K. C. (1992). Cognitive coping strategies
and blood pressure response to real-life stress in healthy young men. Health
Psychology, 11 (4), 233-240.

Portney, L. G. & Watkins, M. P., (1993). Foundations of Clinical Research.

Norwalk, Connecticut: Appleton & Lange.

Prince, E. S. & Rooney, J. F. (1995). Psychological adaptation among residents
following restart of Three Mile Island. Journal of Traumatic Stress, 8 (1), 47-59.
Quirk, W. S. & Seidman, M. D. (1995). Cochlear vascular changes in response
to loud noise. American Journal of Otology, 16 (3), 322-325.

Rahn, J. E. (1984). Ears, Hearing, and Balance. New York: Athenaeum

Publishers.

Regecova, V. & Kellerrova, E. (1995). Effects of urban noise pollution on blood
pressure and heart rate in preschool children. Journal of Hypertension, 13 (4),
405-412.

Rice, P. L. (1992). Stress and Health. Pacific Grove, CA: Brooks/Cole

Publishing Company.

Robbins, J. M. & Greenald, S. (1986). The role of model selection in causal
inference from nonexperiemtal data. American Journal of Epidemiology, 123, 392-

400.

186

Rose, G., Sivik, T. & Delimar, N. (1994). Gender, psychological well-being,
and somatic cardiovascular risk factors. Integrative Physiological and Behavioral
Science, 29 (4), 423-430.

Royce, G. (1994, July 18). Come feel the noise. Minneapolis Star Tribune, p.

05A.

Sanbower, M. (1990). Recognition and treatment of physical factors in
psychotherapy clients. Journal of Orthomolecular Medicine, 5 (2), 79-90.

Scharff, L, Turk, D. C. & Marcus, D. A. (1995). Triggers of headaches
episodes and coping responses of headache diagnostic groups. Headache, 35 (7),
397-403.

Schlesinger, M. & Yodfat, Y. (1991). The impact of stressful life events on
natural killer cells. Stress Medicine, 7, 53-60.

Sears, F. W., Zemansky, M. W. & Young, D. H. (1987). College Physics.

Reading, MA: Addison-Wesley Publishing Company.

Second Survey (1971). Survey of Aircraft Noise Around London (Heathrow)
Airport. London, England: Her Majesty's Secretary Office.
Se lye, H. (1982). History and present status of stress concept. In L. Golberger
& S. Breznitz (Eds.), Handbook of Stress. New York: The Free Press.

Sgoutas, E., Sandra, A., Cacioppo, J. T., Uchino, B. N. & Malarkey, W.
(1994). The effects of an acute psychological stressor on cardiovascular, endocrine,
and cellular immune response: A prospective study of individuals high and low in
heart rate reactivity. Psychophysiology, 31 (3), 264-271.
Shepard, R. J. & Shek, P. N. (1994). Infectious diseases in athletes: New
interest in an old problem. Journal of Sports Medicine and Physical Fitness, 34
(1), 11-22.
Sheridan, J. F, Dobbs, C., Brown, D. & Zwilling, B. (1994).
Psychoneuroimmuniology: Stress effects on pathogenesis and immunity during
infection. Clinical Microbiology Review, 7 (2), 200-212.
Shirakawa, T. & Morimoto, K. (1991). Lifestyle effect on total IgE. Allergy,
46 (8), 561-569.

187

Sieber, W. J., Rodin, J., Larson, L. & Ortega, S. (1992). Modulation of human
natural killer cell activity by exposure to uncontrollable stress. Brain, Behavior,
and Immunity, 6 (2), 141-156.
Singer, B., Terborg, J. & Mayer, S. (1994). Attitudinal, circadian,
circumstantial, and subject selection explanations of shiftwork effects on health.

Journal of Occupational Medicine, 36 (1), 66-69.

Smith, A. C., Smith, C. J., Kearns, R. A. & Abbott, M. W. (1993). Housing

stressors, social support, and psychological distress. Social Science Medicine, 37
(5), 603-612.

Smith, T. W. & Gallo, L. C. (1994). Psychosocial influences on coronary heart

disease. Irish Journal of Psychology, 15 (1), 8-26.

Spelten, E., Barton, J. & Folkard, S. (1993). Have we underestimated
shiftworkers problems? Evidence from a reminiscence study. Ergonomics, 36 (13), 307-312.

Spitzer, R. L. & William, J. B. W. (1987). DSM-III-R. Washington, DC:

American Psychiatric Association.

Spooner, H. J. (1929). The plague of noise: A blot on our civilization. The
Guildhouse Monthly, London.
Stansfield, S. A. (1992). Noise, noise sensitivity and psychiatric disorder:
Epidemiological and psychophysical studies. Psychological Medicine, Monograph
Supplement, 22-44.

Stansfield, S. A. & Shine, P. (1993). Noise sensitivity and psychophysiological
responses to noise in the laboratory. In M. Val let (Ed.) Proceedings of the 6th
International Congress, Noise As A Public Health Problem: Vol. 2 (pp. 481-484).
Nice, France: Institut National De Recherche Sur Les Transports Et Leur Securite.
Stassen, J. R. (1996, January 13). Noise is a problem, but airports an asset.
Minneapolis Star Tribune, p. b-2.
Sternberg, E. M. (1995). Neuroendocrine factors in susceptibility to
inflammatory disease: Focus on the hypothalamic-pituitary-adrenal axis. Hormonal
Research, 43 (4), 159-161.

Stewart, A. L., Hays, R. D. & Ware, J. E. (1988). The mos short-form general
health survey. Medical Care, 26 (7), 724-735.

188

Stone, A. A. & Shiffman, S. (1992). Reflections on the intensive measurement
of stress, coping, and mood, with an emphasis on daily measures. Psychology and
Health, 7, 115-129.

Stoudemire, A. (Ed.) (1995). Psychological Factors Affecting Medical
Conditions. Washington, DC: American Psychiatric Press, Inc.

Sudman, S., Bradburn, N. M. & Schwarz, N. (1996). Thinking about answers:
The application of cognitive processes to survey methodology. San Francisco:
Jossey-Bass Publishers.

Szklo, M. (1987). Design and conduct of epidemiologic studies. Preventive
Medicine, 16, 142-149.

Tabachnich, B. G. & Fidell, L. S. (1989). Using Multivariate Statistics (2nd
ed.). New York: Harper and Row.
Tache, Y., Monnikes, H., Bonaz, B. & Rivier, J. (1993). Role of CFR in
stress-related alterations of gastric and colonic motor function. Annuals of the New
York Academy of Science, 697, 233-243.
Talbott, E. 0., Findlay, R. C., Ku ller, L. H., Lenkner, L. A., Matthews, K.
A., Day, R. D. & Ishii, E. K. (1990). Noise induced hearing loss: A possible
marker for high blood pressure in older noise-exposed populations. Journal of
Occupational Medicine, 32, 685-689.
Tempest, W. (1985). The Noise Handbook. New York: Academic Press,

Harcourt Brace Jovanovich, Publishers.

Tomei, F., Tomao, E., Papa leo, B., Baccolo, T. P. & Alifi, P. (1991). Study of

some cardiovascular parameters of chronic exposure to noise. International Journal
of Cardiology, 33, 393-399.

Trimmreck, T. C. (1994). An Introduction To Epidemiology.

and Bartlett Publishers.

Boston: Jones

Turnbull, G. K. & Vallis, T. M. (1995). Quality of life in inflammatory bowel
disease: The interaction of disease activity with psychosocial function. American
Journal of Gastroenterology, 90 (9), 1450- 1454.
Ur, E. & Grossman, A. (1992). Corticotropin-releasing hormone in health and
disease: An update. Archives of Endocrinology of Copenhagen, 127 (3), 193-199.

189

Ursin, H. (1991). Psychobiology of stress and attachment: The biobehavioral
view. In B. Bandura, I. Kickbusch (Eds.), Health Promotion Research: Towards
A New Social Epidemiology. Copenhagen: World Health Organization.

Uthgenannt, D., Schoolmann, D., Pietrowsky, R., Fehm, H. L. & Born, J.
(1995). Effects of sleep on the production of cytokines in humans. Psychosomatic
Medicine, 57, 97-104.

Val let, M., Letisserand, D., Oliver, D., Laurens, J. F., & Clairet, J. M.

(1988). Effects of road traffic noise on the rate of heart beat during sleep. In B.

Berglund, U. Berglund, J. Karlsson, & T. Lindvall (Eds.), Proceedings of Noise
As A Public Health Problem. Stockholm, Sweden: Swedish Council For Building
Research.

Vera, M. N., Vila, J. & Godoy, J. F. (1994). Cardiovascular effects of traffic
noise: The role of negative self statements. Psychological Medicine, 24 (4), 817827.

Vine, F. M. & Hulka, B. S. (1995). Biological markers of exposure. In E.O.
Talbott, & G. F. Craun (Eds.), Introduction to Environmental Epidemiology.
New York: Lewis Publishers, CRC.
Vitaliano, P. P., Maiuro, R. D., Russo, J., Katon, W., De Wolfe, D. & Hall, G.
(1990). Coping profiles associated with psychiatric, physical health, work, and
family problems. Health Psychology, 9 (3), 348-376.

Vollhardt, L. T. (1991). Psychoneuroimmunology. American Journal of
Orthopsychiatry, 61 (1), 35-47.

Wall, P. D., & Melzach, R. (1994). Textbook of Pain. Edinburgh: Churchill

Livingston Publishers.

Wang M. Eddy, J. M. & Westerfield, R. C. (1992). Causal modeling in health
survey studies. Health Values, 16 (4), 55-57.
Ware, J. E. (1995). Data collection methods. Medical Outcomes Trust
Bulletin, 3 (1), 2.
Ware, J. E. & Sherbourne, D. C. (1992). The mos 36-item short-form health
survey. Medical Care, 30 (6), 473-481.
Webb, W. B. (1995).
18 (4), 276-280.

The cost of sleep-related accidents: A reanalysis. Sleep,

190

Weiner, H. (1992). Perturbing the organism: The biology of stressful
experience. Chicago, Ill: University of Chicago Press.
Weinstein, N. D. (1978). Individual differences in reaction to noise: A
longitudinal study in a college dormitory. Journal of Applied Psychology, 63 (4),
458-466.

Weisse, C. S., Pato, C. N., McAlister, C. G. & Littman, R. (1990).

Differential effects of controllable and uncontrollable acute stress on lymphocyte
proliferation and leukocyte percentages in humans. Brain, Behavior and Immunity,
4 (4), 339-351.

Wiedenfeld, S. A., Bandura, A., Levine, S., O'Leary, A., Brown, S. & Raska,
K. (1990). Impact of perceived self-efficacy in coping with stressors on components
of the immune system. Journal of Personality and Social Psychology, 59 (5),
1082-1094.

Wilcox, R. R. (1987). New designs in analysis of variance. Annual Review of
Psychology, 38, 29-60.
Williamson, A.M., Gower, C. G. & Clarke, B. C. (1994). Changing the hours
of shiftwork: A comparison of 8 and 12 hour shift rosters in a group of computer
operators. Ergonomics, 37 (2), 287-298.

Wilson, A. H. (1963). Noise: The Final Report of the Committee on the
Problem of Noise. London: Her Majesty Stationery Office.
Winrow, V. R., Mojdehi, G. M., Ryder, S. D., Rhodes, J. M., Blake, D. R. &
Rampton, D. S. (1993). Stress proteins in colorectal mucosa: Enhanced expression
in ulcerative colitis. Digestive Disease Science, 38 (11), 1994-2000.

Wolf, S. (1995). Oscillatory functions affecting outcome of coronary heart
disease. Integrative Physiological and Behavioral Science, 30 (2), 118-126.

Wortman, C. B. & Silver, R. C. (1989). The myth of coping with loss.
Journal of Consulting and Clinical Psychology, 57, 349-357.
Wright, R. A. & Dismukes, A. (1995). Cardiovascular effects of experimentally
induced efficacy appraisals at low and high levels of avoidant task demand.
Psychophysiology, 32 (2), 172-176.

Wu T. N., Lai, J. S., Shen, C. Y., Yu, T. S., Chang, P. Y. (1995). Aircraft
noise, hearing ability, and annoyance. Archives of Environmental Health, 50 (6),
452-456.

191

Xu, X., Ding, M., Li, B. & Christiani, D. C. (1994). Association of rotating

shiftwork with preterm births and lowbirth weights among never smoking women

textile workers in china. Occupational and Environmental Medicine, 51 (7), 470474.

Yaniv, S. L. & Bauer, J. W. (1980). Effects of time-varying noise on human
response: what is known and what is not. In J.V. Tobias, G. Jansen, & D.W.
Ward, (Eds.), Proceedings of the Third International Congress on Noise as a
Public Health Problem in Freiburg, FRG (pp. 511-521). Maryland: The American
Speech-Language-Hearing Association.

Zahr, L. K. & Balian, S. (1995). Responses of premature infants to routine
nursing interventions and noise in the NICU. Nursing Research, 44 (3), 179-185.

Zhao, Y.M., Zhang, S. Z., Selvin, S. & Spear, R. C. (1991). A dose-response
relation for noise induced hypertension. British Journal of Industrial Medicine,
48, 179-184.

192

APPENDICES

193

APPENDIX A: Cover Letter

URBAN ENVIRONMENT STUDY

September 1994

Dear Minnesotan
Your household is one of a small number being asked to give their opinion on the
topic of urban noise. Your responses are very important to further the scientific
understanding of noise and quality of life. The survey is designed to take
approximately 10 minutes to complete. Your home was selected at random from the
Twin Cities Metropolitan area to participate in this study. We are requesting that the
adult who had the most recent birthday complete the enclosed survey.
You can be assured that your responses will be completely confidential and
anonymous. All surveys will be under the strict control of the researcher. Each
survey is coded only for the purpose of checking your house off the mailing list once
it is returned.
Summary results of this study will be made available upon request. If you would
like a copy, please write "copy of results requested" on the back of the return
envelope with your name and address. Please do not put this information on the
survey. Enclosed is self-stamped envelope for return mail. Please complete and
return your survey within the next ten days. I would be happy to answer any
questions you might have regarding this study. You can contact me at the address
listed below. Thank you very much for your participation.
Sincerely,

Edward Meister

OSU/Dept. of Public Health
Ford Center
Suite 525
420 North Fifth Street
Minneapolis, MN 55401
Voice Mail Phone: 290-9225 After 6:00 P.M.
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APPENDIX B: Survey Instrument
URBAN LIFE AND HEALTH

PART I

ATTITUDES TOWARD CITY SOUNDS

1. Below are a series of questions regarding your attitude towards urban sounds.

(Please circle one number per question)
Questions

Strongly Disagree

Strongly Agree
7

6

5

4

3

2

1

7

6

5

4

3

2

1

(3) I am easily awakened by noise.

7

6

5

4

3

2

1

(4) I can get used to noise without

7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

(1) I would not mind living on a
noisy street if the house were nice.

(2) I am more aware of noise than I
used to be.

much trouble.

(5) I get frequently annoyed when
my neighbors are noisy.

(6) I don't like being at home with
complete silence.
(7) I consider myself sensitive to

noise.
(8) It is ok for neighbors to turn

up their stereos full-blast once in
awhile.
(9) I seem to be constantly aware

of urban noise.

7

6

5

4

3

2

1
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2. Below are a few questions regarding personal adjustments to urban sounds.

(Please circle one number per question)
Questions
a. I spend more time indoors than

Strongly Disagree

Strongly Agree
7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

I would like due to noises.

b. I often close the house windows
in summer because of noise
disturbances.

c. I schedule leisure time activities
away from home because of noise.

d. I have changed my sleeping
patterns because of noise
problems.

e. I find myself constantly aware
of noises.

f. I generally feel stressed by
urban noises.
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PART II THE IMPACT OF URBAN SOUNDS ON YOUR LIFE
(1) Below are a few questions regarding the impact of urban sounds on your household.

(Check YES or NO)
NO

YES

Questions
(a) Have you made changes to your house to decrease the impact of outside noise

(.e.g., sound insulation)?
(b) Do you or family members use indoor noise blocking equipment (e.g., fans,
music)?

(c) Do you use ear plugs to block outdoor sounds when sleeping?
(d) Have you participated in any government sponsored sound insulation program?

(e) Have you attended any meetings or participated in any groups where the primary
goal was reduction of noise?

(t) Do you try to read information regarding noise issues?

(2) Below are a series of questions regarding your feelings towards the problem of urban noise.

(Please circle one number per question)
Questions
a. I frequently get very upset with

Strongly Disagree

Strongly Agree
7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

urban noises.

b. Filing a noise complaint does
little good.

c. I can predict when outside noises
will occur.

d. Getting information regarding
noise control efforts is comforting.
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3. Below are a series of statements regarding your overall assessment of urban sounds.

(Please circle one number per question)
Questions

Strongly Disagree

Strongly Agree

a. Noise is a normal part of urban life.

7

6

5

4

3

2

1

b. The government cannot do much to

7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

7

6

S

4

3

2

1

7

6

5

4

3

2

1

7

6

5

4

3

2

1

reduce noise pollution.

c. I believe that noise pollution is

harmful to one's health.
d. Police and fire emergency vehicles
need to use their sirens.

e. I get angry about urban noise many
times a year.

f. Life in the city is full of noises that
one just has to live with.
g. Commercial airline travel is a
necessary part of modern society.

h. Sometimes I am afraid of a possible
aircraft crash in my neighborhood.

i. I wish I could move to a very quiet
neighborhood or country -side.

j. I can not do much to reduce noise
pollution.
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PART III HEALTH QUESTIONS
1.

(circle one)

In general, would say your health is?
a. EXCELLENT

1

b. VERY GOOD

2

c. GOOD

3

d. FAIR

4

e. POOR

5

2. How TRUE or FALSE is each of the following statements for you?

(Please circle one number for each question)
Definitely

Mostly

Don't

Mostly

Definitely

true

True

Know

False

False

5

4

3

2

1

5

4

3

2

1

c. I expect my health to get worse.

5

4

3

2

1

d. My health is excellent.

5

4

3

2

1

Questions

a. I seem to get sick a little easier
than other people.

b. I am as healthy as anybody I
know.
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3. These questions are about how you feel and how things have been with you during the past 4

weeks. For each question, please give one answer that comes closest to the way you have been
feeling.

(Please circle one number per question)
How much of the time during

the past 4 weeks....

All of

Most of

A good

Some of

A little

None of

the time

the time

bit of

the time

of the

the time

time

the time
a. Did you feel full of pep?

6

5

4

3

2

1

b. Have you been a very

6

5

4

3

2

1

6

5

4

3

2

1

6

5

4

3

2

1

6

5

4

3

2

1

6

5

4

3

2

1

g. Did you feel worn out?

6

5

4

3

2

1

h. Have you been a happy

6

5

4

3

2

1

6

5

4

3

2

1

nervous person?

c. Have you felt so down in
the dumps that nothing could

cheer you up?

d. Have you felt calm and
peaceful?

e. Did you have a lot of
energy?

f. Have you felt downhearted
and blue?

person?

i. Did you feel tired?
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4. Symptom checklist and severity rating. Check YES or NO for each symptom/condition that you
had during the past six months, if YES then rate each item.

(Please circle one number per item)

Symptom or

YES

NO

VERY MILD

VERY SEVERE

condition
Low back pain

7

6

5

4

3

2

1

Headaches

7

6

5

4

3

2

1

Allergies

7

6

5

4

3

2

1

Skin rashes

7

6

5

4

3

2

1

High blood pressure

7

6

5

4

3

2

1

Chronic fatigue

7

6

5

4

3

2

1

Ulcer

7

6

5

4

3

2

1

Irritable bowel/colon

7

6

5

4

3

2

1

Chest pains

7

6

5

4

3

2

1

Depressed mood

7

6

5

4

3

2

1

Muscle spasms

7

6

5

4

3

2

1

Upset stomach

7

6

5

4

3

2

1

Diarrhea

7

6

5

4

3

2

1

Heart arythmia

7

6

5

4

3

2

1
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5. Below are questions regarding how stressed you have felt in the past six months.

(Please circle one number per question)

I often felt

Strongly Disagree

Strongly Agree

a. Constantly under strain.

7

6

5

4

3

2

1

b. Edgy and bad-tempered.

7

6

5

4

3

2

1

c. In control of most things.

7

6

5

4

3

2

1

d. Nervous and strung-out.

7

6

5

4

3

2

1

e. Worried about everything.

7

6

5

4

3

2

1

f. Calm/relaxed

7

6

5

4

3

2

1

6. Medication information.

(check one per question)

Are you currently taking medication at least once a week for
a. High blood pressure
b. Heart disease
c. Stomach upset (antacids, etc.)
d. Nervousness (tranquilizers)
e. Insomnia (sleeping aids)

f. Depression (e.g., Prozac)

9

YES

NO
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PART IV DEMOGRAPHIC/INFORMATIONAL DATA

1. Gender? (circle one letter)
a. Female

b. Male
Lbs.

2. Weight?

3. Height?

Inches

Ft.

4. Smoking Status? (circle one letter)

a. Never smoked
b. Previous smoker
c. Current smoker

5. How many years living at current residence?

6. Marital Status? (circle one letter)
a. Married

b. Single
c. Divorced

d. Unmarried Widow/widower
e. Separated

f. Unmarried Partners

7. What is your age?

(years)

8. Which of the following best indicates the highest level of education you have completed?

(circle one letter)
a. Grade school

e. BA or BS degree

b. High school or GED

f. Masters

c. Technical/vocational degree

g. PhD/JD/MD

d. Some college
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9. Please indicate gross annual household income from all sources. (Circle one)

a. Less than $10,000

h. $50,001 to 65,000

b. $10,000 to 15,000

i. $65,001 to 75,000

c. $15,001 to 20,000

j. $75,001 to 85,000

d. $20,001 to 25,000

k. $85,001 to 95,000

e. $25,001 to 30,000

1. $95,001 to 100,000

f. $30,001 to 35,000

m. More than $100,000

g. $35,001 to 50,000
10. Are you exposed to loud noise levels where you work?
YES

NO

Not Applicable (check one)

11. What is your work shift? (Circle one letter)

a. Day shift

b. Evening shift

c. Night shift

d. None

12. From Monday through Friday how many hours are you typically at home per day?
hours/day
13. Have you ever filed a non-aircraft noise complaint with some level of government?
YES

NO (check one) If YES how many times in the past year?

(Number)

14. Have you ever filed an aircraft noise complaint?
YES

NO (check one) If YES how many times in the past year?

Thank you very much for completing the survey
Please put any comments you may have below:

(Number)

APPENDIX C: RMT Map
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ANOMS BASE MAP OF REMOTE MONITOR TOWERS

lifinneap lis

St. Paul

S

Mendota Heights
7

Richfield
zt

18

13

Inver Gray
Bloomington

Burnsville

Rosemont

Note: Circled numbers indicate neighborhoods included in the study.
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APPENDIX D: RMT

