Chapter 15

ENVIRONMENTAL STRESS

Gary W. Evans, Program in Social Ecology, University of California, Irvine, California

Sheldon Cohen, Carnegie-Mellon Universify, Pitisburgh, Pennsylvania
15.1. Introduction 571 15.4.1. Effects of Environmental
15.2. Focus and Organization 572 Stressors 586
15.3. Overview of the Stress Paradigm 572 15.4 2. Evaluating the Stress Paradigm 585
15.3.1. Definitions of Stress 572 15.5. Theoretical and Methodological
15.3.2. Characteristics of Stressors 574 Issues 596
15.3.3. General Theoretical 15.5.1. Cognitive Mediation of
Perspectives on Stress 575 Environmental Stressors 596
15 3.4. Models of Environmental 1552 Coping with Environmental
Stressors 578 Stressors 508
15 3.5, Effects of Stressors 584 15 5.3 Methodological Issues 599
15.4. Environmental Stressors 586 References 602

15.1. INTRODUCTION

One way to understand the refationship between the
environment and human behavior is to analyze en-
vironmental conditions that are capable of interfering
with optimal human functioning. In this chapter we
examine how the concept of stress has been used to
specify environmental characteristics that may lead
to physiclogicai or psychological discomfort and, in
some cases, il health,

Individual appraisals of the potential threat or
harm of an environmental array plus the extent of
available, efficacious coping resources largely deter-
mine how environmental conditions affect human
health and well-being. This chapter can be distin-
guished from most other writings on stress in that
our focus is on the physical characteristics of settings
that are likely to evoke the siress and coping pro-
cess. We contend that this aspect of the transactional
process between environment and human behavior

has largely been overshadowed by psychological and
sociological investigations of personal, organizational,
and societal factors that influence the stress and cop-
ing process.

Physical environments have enduring characteris-
tics that can influence whether or not stress is pro-
duced. All biological systems must self-regulate in
the context of changing environmental demands. To
understand our responses to such demands, we re-
quire knowledge of both individual processes and en-
vironmental features of the ecological niches we in-
habit (Sells, 1963, 1869). Situations are the source of
many stress-provoking stimuli that influence both
psychological and physiological responses as we learn
cognitive coping strategies. Stress emanates from in-
dividual appraisals of and reactions to actual environ-
mental conditions {(Baum, Singer, & Baum, 1982;
Magnusson, 1982). The conditions of the physical en-
vironment weigh significantly in the stress and coping
process. Certain environmentat conditions are more
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capable than others of straining the adaptive re-
sources of human beings. A strict focus on individual
differences in people's reactions to environmental
conditions overiaocks the fact that human beings, as
all other organisms, have some general require-
ments. We can examine whether settings support or
hinder some of these requirements (5 Kaplan,
1083} We also know that individual differences in
reactivity to some stressors can be systematically
comprehended when certain features of settings are
held constant rather than allowed to vary. Better un-
derstanding of some of the situational variation as it
interacts with individual vulnerzbility to stressors
may provide more insight into the stress and coping
process (Forsman, 1983; Magnusson, 1982).

To emphasize a point made throughout this chap-
ter, we are not claiming that stress is inevitably or
even predominantly a function of variation in environ-
mental quality. Stress is inevitably a person-based
concept. Nevertheiess, many stress researchers have
overlooked properties of physical situations most
likely to place greater adaptive demands on human
coping resources.

15.2. FOCUS AND ORGANIZATION

In this chapter we restrict our view to environmental
conditions typically experienced in daily life. Further-
more, we will focus on physical characteristics of en-
vironments, Thus our review focuses on crowding,
noise, heat, and air pollution. Water pollution is not
discussed because of the paucity of behavioral re-
search on this topic (Coughlin, 1976). Housing and
other aspects of the influence of special settings on
human satisfaction and health are covered in Chap-
ters 17, 22, 24, and 25 of this volume.
Invironmental stressors are typically aversive,
primarily uncontrollable, and of variable duration and
periodicity and require low to moderate adjustmnents.
One of the unfortunate consequences of the neglect
of physical characteristics of stressors in the study of
stress and coping has been the relative absence of
theoretical or empirical work on how such charac-
teristics as duration, intensity, and so forth affect
humnan health and functioning. A related consequence
of the emphasis on interpersonal coping processes
and psychosocial mediating variables between stress-
ors and outcome has been the lack of research on
single and multiple stressor interactiong. It is instruc-
tive to reread early books on stress and note the high
value placed on systematic evaluation of varying

stressor intensity across a large range as well as
measuring multiple stressor effects (cf. Appley &
Trurnbull, 3967; McGmth, 1970b).

The chapter is organized into four major sections
following a brief introduction. The first section de-
scribes-the focus and organization of the chapter.
Section 15.2 gives an overview of the stress
paradigm including definitions of stress, characteris-
tics of stressors, and general theoretical perspectives
in the stress field as well as hypothetical mechanisms
for the actions of environmental stressors and a brief
summary of the effects of stressors on hurnan health
and behavior. The next section summarizes the ef-
fects of the four major environmental stressors re-
viewed in this chapter: noise, crowding, heat, and air
pollstion. The stress paradigm is then evaluated as
an explanatory heuristic for these four stressors The
last major section of the chapter discusses several
theoretical and methodoiogical problems with the
stress paradigm and its application o noise, crowd-
ing, heat, and air pollution.

15.3. OVERVIEW OF THE STRESS
PARADIGM

15.3.1. Definitions of Stress

Stress is a difficult concept to define. Early defini-
tions varied in the extent to which they emphasized
the responses of the individual, or the sitisations that
caused disruptions of ongoing behavior and function-
ing. Appley and Trumbull (1967), McGrath (1970a),
and Mason (1975) have summarized several objec-
tions to each of these approaches to defining stress.
Response-based definitions are often insensitive to
critical temporal parameters in stress. The duration
and periodicity of stressors have important influences
on human health and well-being. Furthermore, a
focus on outcomes ignores the fact that highly vari-
able situations (e.g. , negative, positive, arnbiguous)
can lead to similar response outcomes. For example,
exercise as well as threat of personal injury heightens
blood pressure. Other factors apart from the indi-
vidual also have an impact on responses and may be
obscured by a strict focus on response outcomes.
Other sources of stress, cultural norms, or the re-
sources provided by other people may all mediate re-
sponses to stressors (H. B. Kaplan, 1983; Levine &
Scotch, 1970: Mechanic, 1978; Pearlin, 1982}, F-
nally, there is a noteworthy lack of correspondence
among measures of stress . It has proven difficult to
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isolate a set of responses that invariably eccur when
adaptive resources are taxed. (Lacey, 1967 Mason,
1975)

Situation-based definitions of stress have been
criticized because of large variations in individual re-
sponses to the same situation. Past history, threat
appraisal, and coping styles vary across persons. Fur-
thermore, with the exception of very extreme stim-
uli, no stimulus is a stressor to all persons or the
same person across all different times or situations.
}t has also proven difficult to scale situations in terms
of the degree of stress they evole . Finally, the impor-
tance of the consequences of behavioral or physiolog-
ical disruption is not adequately conceptualized by
situation-based models of stress

These problems have led most stress researchers
both inside and outside environmental psychology to
adopt more relational, interactive definitions of
stress. According to this perspective, stress is a pro-
cess that occurs when there is an imbalance between
environmental demands and response capabilities of
the organism (Lazarus, 1966; Lazarus & Launier,
1978, McGrath, 1970a).

A specific aspect of this relational perspective on
stress emphasized by Lazarus and his co-workers is
that for stress to occur the individual must evaluate
this imbalance . Thus stress occurs when one decides
that environmental stimuli are likely to tax or exceed
one’s personal coping capacities. In peneral, environ-
mental psychologists have accepted the interaction
perspective. Recent books and major reviews of envi-
ronmental stress all emphasize that stress is funda-
mentally a relational concept signifying an imbalance
between environmental opportunities and individuals'
goals, and capabilities to cope with that imbalance
{Baum, Singer, & Baum, 1982; Caplan, 1982; Carson
& Driver, 1970; Evans, 1982; French, Rodgers, &
Cobb, 1974; lLazarus & Cohen, 1977; McGrath,
1976; Stokols, 1979} We favor this perspective be-
cause it encompasses both major components of the
organism-environment interface. Nevertheless, the
task of developing criteria that indicate when adap-
tive resources are critically strained remains formida-
ble. There are several important unresolved theoreti-
cal and methodological issues with respect to the
stress construct. Some of the more salient issues are
discussed later in the chapter.

Several concerns have been raised about interac-
tive approaches to defining stress One concern is
that reliance on measures of perceived stressors
eliminates the study of objective correlates of stress-
ors (Dohrenwend, Krasnoff, Askenasy, & Dohren-
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wend, 1978). Moreover, if denial or other intra-
psychic coping strategies are functioning, indi-
vidual reports of perceived stress may obscure the
severity of environmental conditions. Measures of
perceived stress may also be inaccurate because they
reflect the degree to which stress is attributed to a
particular situation Errors in explaining sources of
stress have been shown in studies of emotions
{Schachter & Singer, 1962) as well as for crowding
(Keating, 1979; Worchel & Teddlie, 1976).

A second concern raised about the interactive ap-
preach to defining stress is that other variables such
as individual psychological status (e ., neuroticism,
sick role behavior) may influence the relationship be-
tween reports of perceived stress, objective situa-
tional conditions, and cutcome measures. Some dis-
positional tendencies may influence perseonal views
of both health and levels of stress experienced
(Mechanic, 1974, 1978; Schroeder & Costa, 1984).

Another problem in relying on measures of per-
ceived stress emanates from ambiguity about direc-
tion of causality. It is often difficult to determine
whether stress has produced greater negative men-
tal health outcomes or whether the direction of caus-
ality is the reverse (Dohrenwend & Dolrenwend,
1974, 1981; Moss, 1973; Rutter, 1983).

Finally, controversy exists over whether the de-
gree of association between perceived measures of
stress and psychological or physical health outcomes
is inflated because of overlap between items con-
tained in the two sets of measures (Dohrenwend,
Dohrenwend, Dodson, & Shrout, 1984; Lazarus, De-
Longis, Folkman, & Gruen, 1985). This problem is
exacerbated by an overreliance on seif-report meas-
ures of both perceived stress and perceived health.

Lazarus (Lazarus et al., 1985), McGrath (1970a),
Stokols (1979), and others have argued that stress,
like most psychological canstructs, is inherently rela-
tional and cannot be reduced into separate personal
and environmental components {c¢f. Magnusson,
1981). Stress is best considered, according to this
view, as a complex rubric reflecting a dynamic, recur-
sive relationship between environmental demands, in-
dividual and social resources to cope with those de-
mands, and the individual's appraisal of that relation-
ship.

Nevertheless, a major source of information
about stressors and various coping opportunities lies
within the configuration of the physical environment.
We are not arguing that stimulus characteristics are
more important than other factors influencing the
dynamic, mediational process of person-environ-
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ment transactions. Our goal is simply to draw great-
er attention to many aspects of the physical settings
in which we work and live that are likely to cause
siress. Because of the psychologists’ interest in
hurnan hehavior, there has been a tendency to focus
attention in stress research on individual and social
resources that affect coping abilities plus personal
appraisals of threat. Insufficient attention has been
paid to qualities of physical environments that may
be more likely to place adaptive demands on the or-
ganism (Dubos, 1965; Evans, 1982},

15.3.2. Characteristics of Stressors

Four general types of environmental stressors have
been identified: cataclysmic events, stressful life
events, daily hassles, and ambient stressors {Baum,
Singer, & Baum, 1982; Campbell, 1983; Lazarus &
Cohen, 1977). Cataclysmic events are sudden catas-
trophes that demand major adaptive responses from
all individuals directly affected by the event. Usually
cataclysmic events affect whole communities of
people. Fischhoff, Svenson, and Slovic, Chapter 28,
this volume, reviews several examples of natural and
technological disasters that fall within this category
of stressful environmental events Floods, earth-
quakes, volcanic eruptions, major storms, nuclear
power plant accidents, and discoveries of toxic
waste dumps are examples of cataclysmic events.
Two other types of cataclysmic events not discussed
in this volume are war and imprisonment (cf. Monat
& Lazarus, 1877).

Stressful life events are major incidents in the
lives of people that typically reguire personal or so-
cial adaptive responses. Life events typically have
clearly delineated time referents. Life events include
such things as major change in family status (e.g.,
divorce, marriage, birth, death), or major changes in
economic conditions (e.g., gain or loss of job, change
in job position, change in educational status). Events
that are uncontrollable, undesirable, or unscheduled
in the life cycle are more likely to cause harmful out-
comes {Dohrenwend & Dohrenwend, 1974; Pearlin,
1882; Rabkin & Struening, 1976; Thoits, 1983;
Wheaton, 1983).

Daily hassles are the typical events of ordinary
life that may cause frustration, tension, or irritation.
Environmental events (e.g , noisy party, crowded
elevator), work issues (e.g., argument with co-
worker, deadline), or interpersonal problems (e.g-,
argument with friend or family member) constitute
the majority of daily hassies (Delongis, Coyne,
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Dakof, Folkman, & Lazarus, 1982; Kanner, Coyne,
Schaefer, & Lazarus, 1981). Daily hassies are more
common znd short-ved than most life events.

The term ambient séressors has been developed to
distinguish more continuous, relatively stable, and
intractable conditions of the physical environment
{Campbell, 1983). Many ambient stressors are back-
ground conditions, passing largely unnoticed unless
they interfere with some important goal or directly
threaten health. Individuals hiving with chronic air
poliution, for example, are likely to habituate to
these environmental conditions. More active, instru-
mental coping responses to air pollution are infeasi-
ble or come at a higher perceived cost (e g., relocat-
ing) than accommodating to the suboptimal living
conditions (see also Wohlwill, 1974).

Sociologists have drawn a similar distinction be-
tween life events and chronic sources of stress.
Chronic strains are the persistent, difficult, and de-
manding experiences of daily life. Unlike life events,
chronic strains are continuous with largely unnotice-
able peaks or discrete impact periods (Pearlin, 1982;
Wheaton, 1983). Examples of chronic strains include
work overload, rapid social change, poverty, and fam-
ily conflicts. Many chronic strains emanate from con-
flicts between individual or social resources and
values, beliefs, and aspirations (H.B. Kaplan, 1983;
Mechanic, 1978; Pearlin, 1982).

The various types of environmental stressors can
be categorized along eight dimensions. One dimen-
sion is the degree to which a stressor is percepfually
salient or easily identifiable or noticeable {(Baum,
Singer, & Baum, 1982; Campbell, 1983; Stokols,
1979; Wohlwill, 1974). Many physical sources of
stress, particularly if chronic, of low-moderate inten-
sity, and uncontroliable, rapidly become background
stirnuli. Habituation in response sensitivity and gen-
eral awareness is a by-product of chronic exposure
to many low-level ambient stimuli (Glass & Singer,
1972; Sonnenfeld, 1967; Wohlwill, 1974).

A second dimension for chamacterizing sources of
environmental stress is the fbe of adjustment re-
quired by the environmental condition. Environmen-
tal conditions that are very intense or uncontroilable
are likely to lead to accommodation and emotion-
focused coping rather than efforts to deal with the
stressor directly (Kiretz & Moos, 1974; Lazarus &
Cohen, 1977). These coping and adaptation process-
es may in turn influence the health consequences of
exposure to that stressor

The value or valence of events, whether one gains
or loses, may also bear important consequences for
reactions to the stressor Some environmental
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sources of stress, while demanding major adaptive
resources, may be positively valued This dimension
for characterizing stressors highlights one of the
major differences between the physiclogical and psy-
chological approaches to stress. The physiological
perspective emphasizes the disruption of equilibrium
and consequential adaptive efforts to restore homeo-
stasis. The psychological perspective, while acknowl-
edging the importance of adaptive demands, asserts
that the negative value of the threat to equilibrium is
also crucial.

Degree ar controllability over an environmental
stressor is the fourth dimension in distinguishing dif-
ferent linds of stress. Control can function as a
psychological {appraisal) process that is influenced
primarily by individual disposition (e g , locus of con-
trol} or personal coping resources, Here control is
viewed as an intrapersonal moderator of stress.
Control also can refer to instrumental opportunities
to exercise infiuence over the occurrence or dura-
tion of an environmental event. In this sense control
refers to characteristics of a situational variable.
Uncontrollable stressors are typically appraised as
more threatening, at least initially, and are fre-
guently associated with negative effects on health
and behavior (Raum, Singer, & Baum, 1982; Cohen,
1980; Glass & Singer, 1972)

Yet somewhat paradoxically if a stressor remains
uncontrollable and is chronic, it is probably more
likely to become an unnoticed, background charac-
teristic due to habituation (Campbell, 1983} Accom-
modation to stressors impervious to change through
instrumental efforts has been noted in research on
coping with various interpersonal sources of strain
(Kiretz & Moos, 1974). When an aversive situation
cannot be modified or eliminated, one has few op-
tions available other than some form of denial or
reappraisal of the stressor (Folkman & Lazarus,
1980; Pearlin & Schooler, 1978; White, 1974).

Related to controllability is the predictability of
stressors. Some environmental stressors may be
more predictable than others, which can have conse-
quences for both the way they influence our health
and the manner in which we may choose to cope
with them. For example, habituation to continuous
noise (e.g., highway traffic) is probably more readily
accomplished than habituation to airport noise, which
is intermittent and less predictable

A sixth dimension is the necessity and tmporiaice
of the source of a stressor. Environmental stressors
that are seen as necessary andfor important (e.g.,
military aircraft vs. pleasure flying) cause different
kinds of reactions. Related to importance of source
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is whether the source of the stressor is fied fo
human behavior. As we shall see, air pollution and
heat do not fit the same pattern of stress effects that
crowding and noise do. Most citizens view air poilu-
Hion and heat as either natural phenomena or caused
by other societal entities (e.g., industry) rather than
caused by the behaviors of individuals. Personal re-
sponsibility cannot be easily affixed for pollution and
heat. This may have consequences for the way in
which these environmental conditions are appraised
and coped with.

Finally, the duration and periodicity of environ-
mental stressors are important characteristics of
stimuli. Duration has two dimensions —the extent of
previous personal history with the stressor and the
length of current exposure to the condition. The
term periodicity refers to the regularity or predicta-
bility of the stressor as well as its continuity. Some
stressors are more discrete (e.g., stressful life
event), whereas others are more continuous (e.g.,
air pollution). Adaptation processes may be strongly
affected by both duration and periodicity.

15.3.3. General Theoretical
Perspectives on Stress

One way of viewing research in environmental stress
is to classify work as falling within one of two re-
search traditions: the physiological tradition or the
psychological tradition. These theoretical paradigms
are not necessarily contradictory, but rather focus on
somewhat different dimensions of the stress process.
In order to provide an overview of theoretical ap-
proaches to environmental stress, we will describe
these broader traditional approaches first, and then
we will discuss several less encompassing models
that elaborate on the linkages between envifonmen-
tal stressors and a range of very specific outcomes.

Physiological Perspective

Two of the pioneer researchers on stress, Walter
Cannen and Hans Selye, developed physiological
models of stress that centered on the sympathetic
nervous system and the pituitary-adrenocortical
axis, respectively. Each of these models emphasized
the physiological responses of the body to noxious
stimuli. In addition, each mode] concentrated on
homeostatic processes wherein the body responds
to aversive conditions that disrupt some internal
equilibrium. Responses to these aversive agents,
termed stressors, are focused on reequilibration to
achieve homeostatic balance.
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SYMPATHETIC NERVOUS SYSTEM

Cannon (1932} argued that the body has an au-
tonomic, emergency response system allowing the
organism to fight or flee from any serious, aversive,
or challenging situation. Stress is a direct strain on
the homeostatic mechanisms of the body. Homeo-
stasis reflects the necessity of maintaining the inter-
nal composition of the body within some limits de-
spite the fluctuations of the external environment.
The sympathetic nervous system acts directly on
the adrenal medulla to secrete catecholamines in-
cluding epinephrine. These substances in tumn
heighten response readiness for dealing with the
emergency at hand. This response readiness in-
cludes increased metabolism of carbohydrates to
produce more glucose and the release of fatty acids
for greater energy, higher heart rate and oxygen
consumption, and constriction of blocd flow to
peripheral areas of the body with greater blood sup-
ply to the skeletal muscles, kidneys, and brain.
While the adaptive value of this array of physiological
readiness for response to aversive circumstances is
evident, Cannon was also mindful of some of the po-
tential deleterious consequences of this emergency
response syndrome, In particular Cannen was con-
cerned about continual triggering of the response
syndrome as well as what happens if this physiologi-
cal readiness is activated but the individual is unable
to “Aght” or “take flight.” If some somatic discharge
is unavailable because of physical or social restraints,
are there damaging consequences due to continual
activation of this body mobilization system?

Many scholars since Cannon have raised the in-
teresting dilernma of whether the stress and strain
of modern, urbanized civilization are particularly
harmful because of their distinctiveness from the
type of environmental settings under which we
evolved as a species (Boyden, 1970; Dubos, 1965;
Esser, 1974; Kaplan & Kaplan, 1982). Social norms,
complexity of organizational roles, and physical con-
struction of the settings where we work and live
have dramatically altered the quality of the environ-
mental sources of stimulation and demands that
modern human beings must cope with in comparison
to the types of stimulation and stressors that chal-
lenged our forebears.

While the importance of modernization on stress
and health is difficult to assess, we do know that
chronically increased levels of circulating catecho-
lamines have direct links to cardiovascular diseases
causing fibrin formation in arterial walls, platelet
aggregation, hemodynamic effects like increased
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bleod pressure, ventricular arrhythmia, and uptake
in oxygen requirements of the heart (Krantz & Man-
uck, 1984; Steptoe, 1981}

PITUITARY-ADRENAL AXIS
A complementary, physiological model of stress has
been developed by Selye (1956, 1975). According to
Selye, various psychological and physiclogical insults
elicit both specific effects and nonspecific physiologi-
cal reactions. These nonspecific effects, which Selye
called the general adaptation syndrome, include
three stages: alarm, resistance, and exhaustion.
Dusing the alarm phase, the pituitary gland secretes
various chemicals, including ACTH, which stimulates
the adrenal cortex to produce various substances in-
cluding a group of anti-inflammatory hormones called
corticosteroids. In the resistance phase of the gen-
eral adaptation syndrome, increase in these steroids
sets up a feedback loop stimulating adrenal medulla
activity and subsequent release of catecholamines.
Exhaustion, the third phase of the syndrome, occurs
if the stressor is sufficiently severe or prolonged to
deplete somatic defenses. During exhaustion, the
adrenal glands are unresponsive to environmental
demands, with various susceptible organs suffering
breakdown or damage.

Three specific impiications of the physiological
stress model need to be emphasized:

1. Various environmental paﬁmgens and social-
psychelogical strains will cause nenspecific re-
sponses characterized by the nonspecific,
tripartite response syndrome, the pgeneral
adaptation syndrome . This in twrn implies that
stress may be additive. Resporises to a specif-
ic stressor will be influenced by both the sev-
erity of the specific event and the severity and
recency of other threatening events (Fleming,
Baum, & Singer, 1984).

2. Some costs or pathological effects can occur
from the adaptation processes themselves. In
addition to the effects of catecholamines on
the cardiovascular system, there is emerging
evidence for enhanced susceptibility to infec-
tious diseases due to interference with the im-
mune system by corticostercids (Ader, 1981;
Jemmott & Locke, 1984; Krantz, Grunberg, &
Baum, 1985; Moss, 1873).

3 The body has a finite amount of adaptive
energy. When this capacity has been ex
ceeded, deleterious effects occur {Cohen,
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Evans, Stokols, & Krantz, 1986; Glass &
Singer, 1972)

One of the most problematic aspects of Selye's
model] of stress has been understanding the mech-
anism(s) that triggers the general adaptation syn-
drome. There is some evidence that the initial stimu-
lation of the pituitary is from the hypothalamus, but
how it becomes directly involved is less clear Re-
lated to this issue is recent evidence that the pitui-
tary—adrenal sequence is triggered only when the
person perceives threat or psychological harm
(Mason, 1975; Mason et al , 1976). Whether cogni-
tive appraisal of threat or harm is necessary to pre-
cipitate & stress response is a point of major con-
troversy both in the stress Hterature itself (cf
Mason, 1975; Selye, 1975) and in research on emo-
tion more generally {(cf Lazarus, 1084; Zajonc,
1084).

Mason and others have also challenged claims that
the stress response syndrome is larpely nonspecific.
Mason's work suggests that particular types of stres-
sors cause unigue patterns of physiological re-
sponses in terms of both the types and the amounts
of different psychendocrine responses (Mason, 1975;
Mason et al., 1976). There is also increasing evi-
dence that the kinds of coping processes engaged in
can also influence physiological responses to stress
Efforts to maintain optimum task performance during
stress cause a physiological profile distinct from stres-
sor exposure where little or no coping efforts are
made to maintain performance (Frankenhaeuser, 1980;
Lundberg, 1978; Manuck, Harvey, Lechieiter, &
Neal, 1978; Obrist et al., 1978) Lacey’s research in-
dicates as wel} that the kinds of cognitive tasks one
is engaged in during stressor exposure can influence
physiological outcomes (Lacey, 1967).

Psychological Perspective
Psychological stress focuses on the individual's in-
terpretation of the meaning of environmental events
plus an appraisal of personal coping resources
(Lazarus, 1966). Primary appraisal is the term used
to describe the process of evaluation of the stressor.
Stressors are evaluated for potential threat-antici-
pated harm, harm/loss—damage that has already oc-
curred, or challenge-threat that can be dealt with.
Primary appraisal of stressors depends on per-
sonal and situational variables. Personal factors in-
fluencing primary appraisal include general beliefs
about self-efficacy or mastery, the centrality of

goals/meeds threatened by the siressor, and various
dispositional factors. Situational variables that may
influence primary appraisal include the imminence of
harm, the magnitude of the stressor, the ambiguity
of the stressor, the duration of the stressor, and the
potential controllability of the stressor.

If the individual makes an appraisal of threat,
harm, or challenge, then secondary appraisal pro-
cesses corme into play. During these processes, one
evaluates his or her coping resources to deal with the
stressor. Coping processes can generally be par-
titioned into problem-focusing coping or emotion-
focused coping. Problem-focused coping strategies
involve changes in the sitbation to reduce aversive
impact whereas emotion-focused coping strategies
alter individual responses to the negative situation.
Either of these coping styles can assume various
forms such as information seeking, direct action, or
palliative activity {see lazarus, 1966; Lazarus &
Launier, 1978, for more details).

In terms of the psychological perspective, stress
oceurs when a situation has been appraised as de-
manding with the potential of exceeding coping re-
sources. Fhree important implications of the psy-
chological stress perspective are:

1. The individual's perception of environmental
demands and personal coping resources is the
critical variable in determining the nature of
the stress response. The objective conditions
of the environment are important only to the
extent that they influence these processes of
primary and secondary appraisal.

2. Stressful situations are not uniformly aversive.
Important personal and social mediators can
ameliorate or enhance the effects of stressors.
This mediation can occur by influencing either
one or both of the appraisal processes. Thus
for example perceived controf over a stressor
may make the stressor seem less threatening
(primary appraisal) and/or enable the individual
to feel that he or she will have more options
available to cope with the stressor (secondary
appraisal).

3. Stressors will affect the individual in a host of
ways in addition to the physiological impacts
emphasized by Cannon and Selye. These im-
pacts will include self-reports of stress and re-
lated symptoms (e.g., nervousness, tension,
anxiety), negative affect and interpersonal be-
haviors, and deficits in task performance (for
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further discussion and comparison of the psy-
chological and physiological models of stress
see Baum, Singer, & Baum, 1982; Cohen et
al., 1986; Fleming et al., 1984)

15.3.4. Models of Environmental
Stressors

In addition to the traditional models of the stress
process described in the previous section, there
have been several less encompassing models that
significantly influenced environmental stress re-
search. These models primarily derive from the
psycholopical stress tradition, although some influ-
ence of the physiological tradition is also found, Each
elaborates on the nature of properties of the envi-
ronment and individual that lead to a stress re-
sponse, and/or the linkage between environmental
stressors and a specific type of outcome. In the fol-
lowing section, we describe five such models; stimu-
lation level, adaptation and coping, control, predicta-
bility, and systems models.

Stimulation Levels

The most cornmon explanation of the effects of envi-
ronmental stressors has been the stimulus or infor-
mation load meodel The stimulus-level hypothesis
posits an inverted-U/-shaped function between physi-
cal stimulation levels and human affect, performance,
and health. Either too much (overload) or too little
stimulation (sensory deprivation) in the environment
is said to produce stress. Physical variables related
to stimulation load inciude the intensity of stimula-
tior1, the complexity or variety of stimulation, nov-
elty, ambiguity, conflict or inconsistent sources of in-
formation, and, finally, instability or change (Berlyne,
1960, 1971; Fiske & Maddi, 1961; Mehrabian & Rus-
sell, 1974; Wohlwill, 1974). In addition to single-
stimulus properties like complexity or incongruity,
patterns of environmental stimulation may influence
stimulation levels as experienced by the individual.
Pattemns of stimulation as influenced by multiple fea-
tures that are repetitive or express some underlying
theme or symbolic meaning may contribute to an
overall sense of coherence and thus reduce informa-
tion levels (Kaplan & Kaplan, 1982; Lynch, 1360).
Scott and Howard (1970) have emphasized that not
only do physical factors influence the characteristic
activity levels of people, but sociocultural variables
{e.g., multiple roles, work demands) can also pro-
duce stimulation overload,

Crowding and noise can readily be incorporated
into the stimulation load models since each stressor
increases the amount of physical stimulation i an
ambient environment (Hall, 1966; Kaminoff & Pro-
shansky, 1982; Saegert, 1876; Wohlwill, 1974). Two
principal mechanisms, arousal and information over-
load, have been suggested as the underlying
mechanisms of the inverted-{/-shaped function be-
tween crowding or noise with human responses.

Arousal is a behavioral continuum ranging from
sleep to high excitement that has a physiclogical
basis in the reticular activating system of the brain.
Persons usually perform optimally under and prefer
moderate levels of alertness. Low arousal levels ren-
der one sluggish and inattentive whereas too much
arousal makes it difficult to concentrate and control
one's activities well. Evidence of increases in arousal
include elevated catecholamines, skin conductance,
and blood pressure, as well as sel{-reports of rest-
iessness, nervousness, tension, and anxiety. Further-
more, ohservational indices of overarousal consist of
more frequent automanipulative behaviors and be-
havioral sterotypies {Evans, 1978b).

One of the more compiicated and interesting liks
between stimulus levels and environmental stressors
has been in the area of task performance Considera-
ble research indicates that human performance under
higher stress levels produces a particular pattern of
deficits. Little or no effects of short-term stressors
are noted for simple tasks but decrements are appar-
ent on complex performance tasks (Broadbent, 1971;
Hockey, 1979; Kahneman, 1973; Keele, 1973). Al-
though the effects of underarousal on task perform-

ance can readily be explained, why too much arousal
is debilitating, particularly for more complex tasks,
has been the center of considerable discussion. One
position holds that under stress overarousal produces
a narrowing of attention to more dominant or central
task cues. Since cornplex tasks have greater num-
bers of cues per unit time that must be attended to
{e-g., multiple-signal tasks, rapid frequency signal),
this narrowing of attention causes errors because
some relevant cues are missed. Simple tasks on the
other hand have fewer task-relevant cues per unit of
time and thus are less affected by attention narrow-
ing (Easterbrook, 1959; Hockey, 1979; Kahneman,
1973). Some tasks, like the Stroop effect {e.g., word
red written in green ink), may actually be improved
under stress because of attention narrowing and the
subsequent enhanced filtering of task-irrelevant dis-
traction cues (see Cohen, 1978, Evans, 1978b, for
more details on the meaning of task complexity).




OVERVIEW OF THE STRESS PARADIGM

Alternatively, stimulus overload may be under-
stood in terms of demands on information-processing
capacity. The demands to monitor a stressor, particu-
larly if unpredictable and uncontrollable, plus the cog-
nitive demands of a task itself may exceed the limits
of an individual's information-processing capacity.
Capacity will be exceeded more easily when perform-
ance demands are high, that is, for more complex
tasks (Cohen, 1978). Furthermore, when there are
prolonged, extremely high demands from a stressor
and/or a difficult task, information-processing capac-
ity may shrink because of fatigue. When overload
does occur, available resources will be directed to-
ward the most relevant aspects of the task. Simmel
(1950) and Milgram (1970) in their analyses of urban
residents’ adaptations to the high stimulation of the
city setting argued similarly that people deal with
overioad by either eliminating or filtering low-priority
inputs

Changes in interpersonal behaviors such as al-
truism during stress can be explained by attention
focusing from hyperarousal or overload demands on
cognitive capacity. Several studies reveal that per-
sons under stress from noise, for example, do not
perceive subtle social cues for distress {e g., an arm
cast, Matthews & Cannon, 1975) or cues in photo-
graphs indicating people in need of assistance (e g,
person {alling off a bicycle, Cohen & Lezak, 1977).
Because of attention focusing under stress, periph-
eral cues including information about the needs of
other persons for help may not be perceived.

Two advantages of the information overload
rmodel in comparison to the arousal model of environ-
mental stressors are: (1} The overload model more
readily explains why uncontrollable or unpredictable
stressors produce greater stress; and (2} the over-
load model can more readily account for aftereffects
of stressors. Stressors that are uncontrollable or un-
predictable are more difficult to monitor and thus
place greater demands on information capacity, An
important distinction should be made between am-
bient stimulus levels and information; while the latter
demands some cognitive response from the re-
ceiver, the former does not (Saegert, 1973, 1978,
1981; Suedfeld, 1979, 1980; Woliwili, 1974).
Saepert notes for example that crowding is aversive
not so much because of heightened stimulus inten-
sity and variety but rather because of high informa-
tion loads produced by involuntary and unpredictable
social interaction. The relative salience of social and
physical, nonsocial cues is an important, largely un-
researched question. Aftereffects are a residue of
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cognitive fatigue, reflecting some of the costs of try-
ing to operate at or above maximum cognitive capac-
ity

An advantage of the arousal-based models of envi-
ronmental stressors is that they more readily explain
the physiclogical changes accompanying reactions to
environmental stressors. Arousal models also explain
more straightforwardly how combinations of some
stressors (e.g ., noise plus sleep deprivation) cancel
out one another's aversive effects in comparison to
exposure to either stressor alone (Broadbent, 1971;
see McGrath, 1970b, Moss, 1973, Wohlwill, 1874, for
more discussion of these two models of environmen-
tal stressors).

Adaptation and Coping
Another perspective that has proven useful for under-
standing environmental stressors is provided through
medels of adaptation and coping. These models of
environmental stress emphasize psychological as-
pects of human adaptive capabilities. Human beings
have a broad and flexible reperioire of coping re-
sources that allows them to maintain equilibrium or
near equilibrium in the face of a broad array of envi-
ronmental conditions. People are able to withstand,
at Jeast for short periods of time, substantial environ-
mental demands. Of particular interest to the adapta-
tion and coping perspeciive on environmental stress
is the question: Are there costs associated with
human adaptation to environmental demands? This
question can be addressed on at jeast two levels. For
the human species in generzl, we can wonder what
the long-term costs are of accommodating to physical
surroundings that are drastically different from the
types of environments that human beings first
evolved in (Boyden, 1870: Dubos, 1965; Iltis,
Loucks, & Andrews, 1970; Kaplan & Kaplan, 1982).
Adaptation-level theory may be a psychological ex-
pression of these concems at the individual level Ac-
cording to adaptation-level theory, human standards
of judgment to dimensions of physical stimuli (e.g ,
brightness) change in proportion to both current and
previous, chronic experiences with that dimension.
Specifically, adaptation-ievel theory predicts that
either immediate or previous exposure to a high in-
tensity of some dimension will cause a habituation
process wherein current judgmeants of the intensity
of that dimension will be lowered relative to judg-
ments by others without exposure to that dimension
(Helson, 1964; Wohlwill, 1974). In applying this per-
spective to air pollution, for example, Wohlwill and
Koha (1976) and Evans, Jacabs, and Frager (1982)
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have shown that individuals who have resided in areas
of the United States with poor visual air quality
{e g., smog) habituate to poorer visibility. However,
one's history of environmental demands is probably
not the key to understanding how an individual will
react to such demands. Instead individual experi-
ences in developing and utilizing coping resources to
meet environmental challenges are most likely the
crucial factors in predicting how one will respond to a
current stressfui context (Moss, 1973) . The adapta-
tion-level perspective is particularly valuable in focus-
ing our attention on some of the potentially positive
effects of dealing with stressors. It is unfortunate
that nearly ail stress research has focused on the
negative consequences of coping with adaptive de-
mands of environmental challenges.

Dubos and others have also raised the interesting
issue of how the increasing power of human beings
to alter the eavironment to fit human needs is creat-
ing settings that are less diverse and chalienging
than prehistoric environments (see also Parr, 1966).
The selective advantage of the ability to adapt to 2
variety of ecological niches may slowly become less
salient in human evolution The adaptive advantage
of adaptability may no longer be as powerful. The
long-term implications of this trend are potentially
important, especially given the increasingly poor
conditions of the global ecosphere

Looking at the issue of adaptation at a more indi-
vidual level, Glass and Singer (1972) and Cohen
(1978, 1980) have suggested that a cumulative cost
of adapting to stress may be cognitive fatigue. Cop-
ing with stressors, particularly uncontrollzble ones,
requires effort. Negative aftereffects in frustration tol-
erance or cogritive performance following exposure
to crowding, neise, or air pollution are examples of
the cumnulative effects of effort expended to cope
with environmental stressors. Cumulative fatigue
may also reduce the capacity to cope with sub-
sequent environmental derands . Frankenhauser and
Lundberg {1977} found that immediately prior expo-
sure to loud noise produced poorer performance dur-
ing a second noise session. Subjects had worked on
the same task (mental arithmetic) in an initial session
under one of three levels of uncontrollable, coatinu-
ous white noise. In session two, subjects were all ex-
posed to the same level of moderate noise. Evans,
Tacobs, Dooley, and Catalano (in press), looking at a
chronic stressor, found that individuals in the greater
L.os Angeles area who had recently experienced one
or more stressful life events suffered psychological
symptoms from exposure to higher smog levels
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Levels of smog had no main effects on individuals’
psychelogical symptoms.

Another result of coping with stressors may be
overgeneralization, where a strategy that has been
adopted to cope with a stressor becomes a charac-
teristic operating mode for the individual even when
the stressor is no longer present. Milgram (1970),
for instance, argued that urban residents become
characteristically different than rural people because
of adaptations urbanites make to cope with the high
level of information associated with city living
People's coping processes of blocking or filtering
low-priority information are said to generalize and
become part of one’s urban personality, as man-
ifested, for example, by the alleged defensive and
brusque urban character as well as inattentiveness
to those in need of assistance {e g., the bums and
beggars working the streets, crime victims). This
view of urban character development as an over-
generalized manifestation of coping with overload
has not gone unchallenged, however (cf. Fischer,
1976; Korte, 1878)

A more specific example of overgenermlization to
environmental stress that has been empirically vali-
dated is tuning out noise. Evidence from several
studies (Cohen, Evans, Krantz, & Stokols, 1980)
shows that one way individuals learn to cope with
noisy settings is to tune out auditory stimuli. Unfor-
tunately, however, this tuning-out process becomes
indiscriminate and includes both speech-irrelevant
and speech-relevant sounds. As a consequence per-
sons with normal auditory thresholds tested under
quiet conditions who have resided in noisy areas
develop poorer auditory discrimination abilities . Dec-
rements in measures of auditory discrimination abil-
ity from chronic noise exposure have included the
perception of similar-sounding words or subjects’ abil-
ity to distinguish optimum auditory-signal-to-noise
ratios  Poorer auditory discrimination in turmn has
been associated with difficuities in the acquisition of
reading skills (Cohen, 1980; Cohen & Weinstein,
1982). Other evidence for tuning out includes data in-
dicating that children from noisier residential settings
are jess susceptible to auditory distractors while per-
forming tasks (Cohen et al., 1980; Cohen, Evans,
Krantz, Stokols, & Kelly, 1981; Heft, 1979) Over-
generalization of responses to crowding has also
been documented, with prior experiences of crowd-
ing causing greater social withdrawal from strangers
in uncrowded, interactive laboratory tasks (cf. Baum
& Paulus, Chapter 14, this volume; Epstein & Kar-
lin, 1975).
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Finally, coping responses themselves may have di-
rect physiological effects. Smoldng or drug consump-
tion may function to relieve stress, but each has clear
health costs of its own When effort is expended to
maintain task performance during stress or to assert
control over an aversive event (e.g., reactance), car-
diovascular activity greatly increases. Furthermore, if
control efforts do not vield direct, relevant feedback
to the organism about the efficacy of the coping at-
tempts, even more physiological activity resulis.
Moreover, if these activities are prolonged, they can
iead to ulcers and other evidence of direct damage
{see Cohen et al., 1986, for more details). Chronic
adaptive efforts may lead to disease, either directly,
as in the case of greater cardiovascular activity, or
more indirectly, as by reduced immunological de-
fenses to infectious diseases. More research is sorely
needed both on the precise mechanisms of these two
general types of stress—disease links and on the
physical, social, and psychological characteristics of
situations that are more or less likely to Support cop-
ing activities that are successful {(Cohen et al | 1986).

Control

There is considerable evidence that human beings
have a strong need for environmental mastery and a
sense of self-efficacy (Averill, 1973; White, 1958).
Negative consequences associated with lack of con-
trol include negative affect, cognitive deficits, and
reduced motivation to behave instrumentally when
the option is available (Seligman, 1975). Actual or
perceived control over a stressor generally leads to
fewer negative consequences than exposure to
stressors that are uncontrollable {Averil, 1973).
This is particularly true if the individual believes that
control has the potential to modify his or her experi-
ence of the stressor.

Research consistently shows that environmental
stressors that are uncontrollable or unpredictable
cause greater stress in human beings. Studies on
crowding (Baum & Paulus, Chapter 14, this volume;
Epstein, 1982), noise (Cohen & Weinstein, 1982),
air pollution (Evans & Jacobs, 1982), and heat (Bell
& Greene, 1982) have found complete or partial
amelicration of many negative impacts of exposures
to these environmental stressors with the provision
of instrumental control over the stressor. Thus con-
trol may function as a powerful situational mediator
of the stress process

Furthermore, research on crowding suggests
that, when control is further restricted, for example,
by blocking of goals or interfering with physical
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movement, greater negative outcomes occur T his
has led some researchers to suggest that crowding
is aversive precisely because it reduces freedom by
constraining certain behavioral options (Proshansky,
Ittelson, & Rivlin, 1970; Stokols, 1972}, Moreover,
crowding, noise, and other stressors are viewed as
especially aversive when they occur in residential
settings or other places where people expect to
have reasonable control over the conditions of their
su-roundings (Stokols, 1976). In addition, people
rate settings as more crowded when they attribute
behavioral constraints to the close presence of other
people or to insufficient space {Baron & Rodin,
1978; Schmidt & Keating, 1979}

Chronic exposure to environmental stressors that
are uncontrollable may also produce greater suscepti-
bility to learned helpiessness. H one cannot predict
or assert control over an environmental source of
stress, one may learn that he or she has little ability
to influence environmental outcomes by his or her
own behaviors. Thus if coping efforts fail to modify an
environmental source of stress it is possible that an
individual may experience some helplessness. Sev-
eral recent studies provide suggestive evidence that
persons who reside in crowded or noisy settings may
be more susceptible to learned helplessness. Rodin
{1976}, for example, found that children from more
crowded residences suffered helplessness meore fre-
quently in a laboratory experiment where they were
confronted with a series of failure experiences.
Saegert {1981}, however, did not find any effects of
residential density on learned helplessness among
children. Baum and his colleagues (Baurn & Paulus,
Chapter 14, this volume) have found greater with-
drawal and giving up in competitive game situations
by college students who live in dormitories that are
perceived as more crowded and with greater un-
wanted social interactions. Finally, Cohen and his col-
leagues (Cohen et al., 1980; Cohen et al, 198];
Cohen ef al , 1986) have found children who attend
noisy schools giving up more often on challenging
puzzles than guiet school counterpasts. Rodin (1976)
and Cohen et al. (1886) have also found evidence that
children chronically exposed to environmenta] stres-
sors more readily abrogate choice over positive rein-
forcements or opportunities to experimenters

Data on aftereffects from noise, crowding, and air
pollution suggest some evidence of helplessness as
well. Persons previpusly exposed to uncontroliable
sources of environmental stress often are less persis-
tent on cognitive tasks that require frustration tol-
erance (Cohen, 1980) Furthermore, these negative
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aftereffects are essentially eliminated by providing
perceived controi over the stressor during the admin-
istration period. Sherrod (1974), for example, found
that the negative aftereflects from exposure to high
density in a laboratory setting were virtually elimi-
nated by informing crowded subjects that they could
leave the room if they needed to.

Recent revision of learned helplessness theory
suggests that learned helplessness in human beings
is a more complex phenomenon than first developed
with animal operant-learning paradigms. In particular,
the attributions individuals make about the causes of
their inability to control a stressor bear directly on
whether or not helplessness is likely to éccur or
generalize to other situations (cf. Abramson, Garber,
& Seligman, 1980). Furthermore, under some cir-
cumstances {e g., imporiant goal blocked) lack of
control, at least temporarily, may lead to reactance
and greater efforts to establish mastery. Recently
Baum and his colleagues have applied the revised
madel of human helplessness to students’ reactions
to living in crowded college dormitories. They find,
for example, that changes over the first semester in
attributions about the causes of unwanted social
interactions in the residential living environment
accompany shifts in susceptibility to learned help-
lessness in game-playing situations conducted in the
labomatory (see Baum & Paulus, Chapter 14, this
volume, for more details)

Another effect of coping with chronic exposure to
aversive, uncontroliable stressors may be a shift in
coping strategies from problem-focused to emotion-
focused coping. Reappraisal of threat may occur, for
example, whereupon an aversive condition (e.g,
smog) that was initially critically viewed becomes
reappraised as a minor preblem or threat. Denal of
harmiful effects or other rationalizations may also
occur as continual experience with an uncontrollable
ambient stressor occurs (Campbell, 1983},

Evans and colieagues (1982), for exampie, com-
pared two groups of persons who had recently mi-
grated to a residential location with high levels of
smog. One group had little or no previous residential
experience with air pollution, whereas the other had
chronically been exposed to poor air quality. The
newly exposed group were much more likely to rate
smog as a serious cormmunity problem, sought out
information about smog, complained about it, and be-
lieved more strongly that smog could be reduced i
people would use mass transportation. Furthermore,
recent migrants who were more internal in locus of
control, in comparison to recent migrants more ex-
ternal in locus of control and iy comparison to all resi-
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dents with previous exposure to poor air quality, re-
duced outdoor activities during smog episodes. Per-
sons with a previous residential history of smog ex-
posure, however, showed few if any of these be-
haviors, instead engaging in more emotion-focused
coping. For example, persons chronicaily exposed to
smog were less aware of visual air poliution in photo-
graphic scenes, exaggerated their own relative imper-
viousness to negative health effects from air pollu-
tion, and overestimated the extent of their own per-
sonal knowledge about the causes and effects of
SIN0g,

In sum, there is considerable evidence that
chronic exposure to environmental stressors can
cause negative reactions because of restrictions in in-
dividual control. Furthermeore, provision of actual or
perceived control over stressors frequently amelio-
mates or at least partially reduces the negative effects
of environmental stressors on human health and be-
havior. Nevertheless, there is an emerging body of
literature suggesting that control over stressors is
not uniformly positive (cf Folkman, 1984). An in-
teresting arep of further work in environmental
stress research is the examination of situationa)
characteristics that can influence the efficacy of con-
trol over stressors. More research is also needed to
understand the interrelationships among variable en-
vironmental opportunities to exercise control over
stressors and psychological appraisal processes of
control

Predictability

A number of scholars have noted the tendency of en-
virpnmental stressors like noise to disrupt or inter-
fere with ongoing behaviors. Unpredictabie stressors
are more distracting and make concentration on tasks
more difficult. Poulten (1977, 1978) has emphasized
that distraction is the principal mechanism of task
decrements noted in: noise (see Broadbent, 1978, for
an alternative view). Distraction has physiological
consequences as well, related to the orienting reflex,
which triggers a state of mental alertness and vigi-
lance (Berlyne, 1960). Predictability is also related to
patterns of environmental stimulation. Settings that
are unfamiliar or highly ambiguous or difficult to inter-
pret may be stressful, When one cannot discern the
meaning or function of an object or a setting, confu-
sion as well as stress may occur (Archea, 1978; Gib-
son, 1979)

Predictabiiity has also been linked to control and
stress. Aversive events that are unpredictable are
more difficult to control and prepare for Mechanic's
(1962, 1978) work has emphasized the role of prepa-
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ration inadequacy as a cause of siress. A person's
ability to master difficult situations is often highly
dependent on individual preparation for problem
solving. Unpredictable stressors may also be more
aversive because individuals are left without any cues
indicating when the aversive event is not present;
that is, one cannot estimate when it is safe (Selig-
man, 1975}, When confronted with an aversive
stimulus condition that is predictable, one can at
least relax momentarily and thus achieve some recov-
ery during safe periods,

Prediction also relates to the concept of interrup-
tion. Changes in response sequences that have pre-
vicusly been organized produce stress. This stress
is caused by the blocking of actions that were judged
by the initiator of the response sequence as most ap-
propriate for that situation (Mandler, 1975). People
plan many activities hefore executing them. Ac-
tivities are mentally rehearsed, alternatives are as-
sessed, and reasonably fixed decisions are made
prior to engaging in behavioral sequences (Hebb,
1972; Miller, Galanter, & Pribram, 1960). With in-
terruption come cognitive disorganization and ac-
companying emotional arousal, followed closely by
attempts to persevere in the originaily planned re-
sponse sequence. Physiological data indicate strong
arousal activation by incongruity between novel ex-
periences and personal memories and expectancies,
which Pribram has termed neural plans (Pribram &
McGuinness, 1975).

Systems Models

The psycheological perspective on stress, as dis-
cussed earlier, emphasizes the dynamic balance be-
tween environmental demands and the organism's
ability to cope with those demands. Congruence or
the extent of fit between person and environment
has been used to explain stress  Stress occurs when
environmental opportunities are insufficient in afford-
ing important personal or group needs and goals
Stress is an outcome of incongruence between per-
son and environment (Caplan, 1982; Michelson,
1870; Stokols, 1979)

This approach to envirenmental stress has been
applied primarily to human spatial behavior by several
authors. Argyle and Dean (1965) as well as Patterson
(1976} state that the regulation of interpersonal inti-
macy is the underlying dynarnic that explains most
proxemic behavior. Thus persons tolerate closer in-
terpersonal distance without eye contact or accom-
panied by more defensive body postures because of
the compensatory relationships among these differ-
ent nonverbal behaviors in maintaining interpersonal
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intimacy. Analogously, individual needs for privacy
may help regulate proxemic behaviors. Crowding can
be viewed as a state of the person when achieved pri-
vacy levels are less than desired privacy levels. Per-
sonal space and other spatially related behaviors can
be understocd in part as boundary control
mechanisms that belp maintain or modify desired
levels of privacy. When perceived and achieved pri-
vacy levels match, congruence is achieved and satis-
faction resuits (Aitman, 1975). When a discrepancy
occurs between desired and achieved privacy, tension
to reequilibrate the system occurs. If this tension
canfiot be resolved, stress resuits

Ecological medels of spatial behavior also adopt a
systems view by emphasizing the relationship be-
tween the number of people in a setting and the
number of roles needed adequately to maintain that
setting. When overstaffing occurs, crowding results
because of less personal involvement and feelings of
not being needed by the organization. These feelings
in turn cause alienations, negative affect, and possi-
bly more negative interpersonal interactions (Wicker,
1979, Chapter 16, this volume).

It is interesting to mote that, while the varipus
models of congruence and stress are essentially
psychological theories of stress, they rely on a key
component of the criginal psychologically based mod-
els of stress. The body has a natural tendency to
maintain homeostasis, and stress is seen as a 1e-
sponse to environmental conditions that create
strong pressures to disequilibrate the system.

Zimring (1982) has applied the concept of misfit
or incongruence as a source of stress to poorly de-
signed and planned architectural settings. He
suggests that design features can produce stress by
interfering with the achievement of personal geals
in designed environments or by limiting coping
strategies available to reduce incongruence. Certain
psychosocial needs may be facilitated by environ-
ments that provide spatial hierarchies ranging from
opportunities for public secial interaction {e.g., social
contact and networking) to very private spaces
{e.g., solitude, intirnacy). Environments that do not
provide ready access to spatial hierarchies may in-
terfere with variable personal needs for social in-
teraction. Stress may result from these unmet
needs.

Another systems perspective on stress has been
described by Magnusson (1982, 1984)  Stress reac-
tions are considered a joint function of individual vul-
nerability that can be psychological or somatic and
the extent of environmental demands. In an impor-
tant series of studies, Magnusson has shown that in-
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dividual differences in reaction to stressors canriot be
adequately explained without careful specification of
the situation in which the individuals are stressed.
Consistent gender, age, and cultural differences, for
example, have heen found in situation-specific con-
texts. When the situation is similar, good stahility in
rank order of individual behavioral and physiological
reactions to various stressors is demonstrated. Qver
discontinuous situations, however, marked shifts in
relative individual standings in degree of stress reac-
tivity are noted,

15.3.5. Effects of Stressors

In this subsection we briefly review the range of
stressor effects noted in previous studies. This
overview of stressor Impacts will provide a temnplate
for us to match the influences of various environ-
mental stressors This is one way in which we will
be able to evaluate the utility of the stress paradigm
for understanding how various components of the
environment affect human health and well-being.
Five specific areas of stressor impacts have been
identified.

Physiological Effects

As suggested by both physiological models of stress,
various endocrinological responses have been used to
measure stress in human beings. There is a good
deal of evidence that a wide variety of aversive
stimuli cause increased catecholamine and cortico-
steroid output that is detectable either in blood or in
urine (Baum, Grunmberg, & Singer, 1982; Frank-
enhauser, 1971; Mason, 1968). These circulating hor-
mones, epinephrine in particular, produce secondary
changes in various target organs related to activation
of sympathetic arousal. Thus numerous investiga-
tions of a wide array of noxious stimuli have recorded
psychophysiological indices of stress including in-
creased bloed pressure, skin conductance, respira-
tion rates, muscle tension, and cardiac output (e.g.,
heart rate) (Baum, Grunberg, & Singer, 1982;
Lazarus, 1966; McGrath, 1970b). Heart rate mea-
surement, however, has proven to be more problem-
atic because of the influences of cognitive activity on
heart function (Jennings, in press; Lacey, 1967} For
exampie, tasks that require attention to external in-
formation sources cause cardiac deacceleration, thus
offsetting the effects of sympathetic arousal

Task Performance

The influence of stressors on human task perform-
ance continues to be extremety difficult to charac-
terize. The reason for this is probably that, at least
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for short periods of time, most people can effectively
overcome the aversive effects of a stressor by cop-
ing devices such as increased effort or concentra-
tion Nevertheless, there are certain patterns of
task deficits that occur under stress Stressors in-
terfere with tasks that require rapid detection, sus-
tained attention, or attention to multiple sources of
input. Rapid-detection tasks typically require individu-
als to respond to information appearing at a very
rapid rate. A serial reaction time task, for exampie,
requires subjects to respond as mpidly as possible to
a signal. As soon as a response is made, another sig-
nal appears and the sequence repeats. Sustained at-
tention te uncertain, low-frequency signals is also in-
terfered with by stressors. Vigilance tasks, for exam-
ple, require persons to detect the presence of in-
frequent target signals. Stress may also interfere
with multiple-cue tasks where more than one target
cue must be attended to. In this procedure the sub-
ject must monitor two different signals It is of par-
ticular interest that stressors interfere only with the
secendary signal and usually do not affect the pri-
mary signal  Primary and secondary refer to the rela-
tive importance of the two signals as specified to the
subject by the experimenter.

Two principal memory deficits have also been
noted under stressors. Memory for incidental or sec-
ondary information in a task is poorer under stressor
conditions. An example of an incidental memory
measure would be to ask a person to recall the style
of typeface words were printed in. Stressors also
cause faster processing of information in working
memory but apparently at the expense of total capac-
ity. Working memory is defined as a temporary stor-
age where operations are carried out prior to storage
in long-term memory (Hockey, 1979). The memory
span in working memory may be shorter under
stress. There is also evidence of poorer comprehen-
sion of complex information such as context or
thematic structure that is believed to occur because
of reduced working memory capacity (Broadbent,
1971; Cohen et ai., 1986; Hockey, 1679)

Affect and Interpersonal Behavior

Both self-reports of affect and interpersonal he-
haviors like aggression are influenced by stréssors
Many studies have demonstrated greater anxiety,
tension, and nervousness plus greater ratings of
stress under aversive conditions (Lazarus, 1966:
McGrath, 1970a) As noted by Baum and colleagues
(Baum, Singer, & Baum, 1982}, self-reports of stress
can generally he classified into reports of experi-
ences believed to he associated with stress (e g.,
stressful life events), the emotional ar somatic ex-
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pression of symptoms (e.g., anxiety, tension), or rat-
ings of the aversiveness of the stressor itself {e.g.,
stress, threat, harm). Two important issues need to
be considered with respect to self{-reports of stress

First, to what extent can individuals validly report the
degree of stress they are experiencing? Second, ac-
cording to the psychological perspective on stress,
perceived stress rather than some objective indicator
{e g, temperature) should be the driving force be-
hind response outcomes to an aversive situation.

Some research has found more negative social in-
terpersonal behavior under stress,.including less al-
truism and cooperation and greater competitiveness,
hostility, and aggression. Aggressive behaviors are
typically eficited in game situations or mock learning
experiments where participants believe they are de-
livering punishment {e g, shocks) to fellow subjects.
Furthermore, these behaviors are more pronounced
when subjects have been previously angered or ex-
posed to aggressive modeling behaviors (Cohen &
Spacapan, 1984; Rule & Nesdale, 1976). There is
some evidence that hostility and aggression have a
curvilinear, inverted-{/-shaped relationship to stress.
The reason for this is believed to be that under ex-
treme stress {e. g, very high temperature} individuals
become so debilitated that their primary motivation
becomes escape er avoidance of the noxious condi-
tions (Baron, 1978). Helping behavior has also been
directly measured by observing persons’ reactions to a
person in distress or by monitoring cooperation to re-
quests for aid. In general, helping is found to decrease
under stress (Cohen, 1980; Evans, 1982},

Another aspect of interpersonal behavior influ-
enced by stress is decision making. Studies suggest
that stress causes premature closure wherein deci-
sions are made before all pertinent data have been
considered {Janis, 1982; Janis & Mann, 1977). Re-
lated deficits in decision making under stress include
fixation on one or two dominant aspects of a task
with little regard for other components. Stereotyped
thinking also may result in oversimplified classifica-
tion and decision categories. Reversion to dominant,
traditional thinking patterns is common under stress.
Novel information or tasks requiring different ap-
proaches are more apt to be redefined in terms of
preexisting schemata (Holsti, 1978; Staw, Sande-
lands, & Dutton, 1981).

Observation

Both verbal and nonverbai categories of stress mea-
surement have been deveioped. Verbal indicators
include speech faulis (e.g., repetition, sentence
change, tongue slips), filled pauses (e.g., i, um),
accelerated rate under certain conditions, and in-
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creased pitch. Words or phrases that reveal tension
or anxiety about the problem at hand (e g , hopeless,
worried) may also occur (Siegman, 1882; Spence,
1982). Nonverbal indicators of stress include more
defensive body posturing (e.g ., leaning away, cross-
ing arm/teg), reduced eye contact or facial regard,
greater automanipulative behaviors (e.g., itching,
touching hair, fidgeting with clothes), and stereo-
typed object play (e.g., tapping pencil, manipulating
small objects such as beads) (Ekman & Friesen,
1974; Hutt & Hutt, 1970; McGrath, 1970a; Webb,
Campbell, Schwartz, Sechrest, & Grove, 1981},

Adaptation

If people are able to adapt to stressors through vari-
ous coping mechanisms, cumuiative costs associated
with the adaptive processes may manifest them-
selves after stressor exposure. While these adapt-
ive behaviors may reduce the immediate stress re-
sponse in the form of habituation, the process itself
may take its toll. These negative aftereflects of cop~
ing may include less ability to cope with subsequent
stressors, lower motivation, socioemotional adjust-
ment problems, and greater susceptibility o infec-
tious diseases (Cohen, 1980; Dubos, 1965; Glass &
Singer, 1972).

There are three general clusters of adaptive ef-
fects. The first group of effects is habituation or dec-
rements in response sensitivity with repeated expo-
sure to a stressor {Glass & Singer, 1972; Willdnson,
1969). Another aspect of habituation is characterized
by adaptation-level theory (Helson, 1964; Wohlwill,
1974). According to adaptation-level theory, judg-
ments of stressor intensity are a function of both im-
mediate background conditions and chronic history
with the stressor. Adaptation level is an acquired
reference point or baseline one uses to make com-
parative judgments. Previous experience or current
background conditions of loud noise, for example,
will raise one's comparison level for evaluating a spe-
cific noisy stimulus. Persons with little previous
noise experience andfor low-noise background condi-
tions would judge a given loudness as noisier than
persons previously experiencing loud noise andfor
under current noisy background conditions.

Adaptation effects in the second group are related
to the cumulative or residual costs of coping with
stressors. Cohen (1980} has identified several types
of aftereffects following exposure to acute stressors,
including decrements in tasks requiring moderate or
high motivation, decreased altruism and sensitivity to
the needs of others, increased aggression, and
increased susceptibility to learned helplessness.
Another type of residual coping behavior is over-
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generalized coping responses. An example of aver-
generalization is learning to cope with loud noise by
tuning or filtering out auditory stimulation. Evidence
indicates that tuning out becomes a routine part of
the cognitive repertoire of persons chronically ex-
posed to noise even when they are in quiet condi-
tions (cf Cohen et al., 1980).

The final group of aftereffects from chronic expo-
sure to stressors includes physiological and psy-
chological disorders. Immediately following exposure
to acute, uncoatrollable noise, catecholamine ieveis
drop (Frankenhauser & Lundberg, 1974; Lundberg,
1978). Similar patterns have been identified after
heiplessness induction using inescapable electric
shock (Seligman, 1975). Furthermore, as suggested
by Selye and Dubos, when adaplive resources are
continually summoned over long time periods, some
deleterious health effects are likely to occur, Three
general types of physiclogical effects assaciated with
coping with chronic stressors are cardiovascular dis-
orders, gastrointestinal problems, and lowered im-
munological resistance to infectious diseases (Dubos,
1965; Elliott & Eisdorfer, 1982; Moss, 1973) It
should be noted that, while some progress has been
made in identifying the mechanisms of these effects,
this area of research is just beginning Chronic
exposure to stressors has also been linked to psycho-
logical disorders including symptomatology, case
openings, and hospitalization (Dohrenwend &
Dohrenwend, 1974; Neufeld, 1982; Rabkin & Struen-
ing 1976; Thoits, 1983) A more specific syndrome,
posttraumatic stress disorder, has heen identified fol-
lowing exposures to extremely stressful, traumatic
events. This syndrome is characterized by sleep dis-
turbance, diminished interest in significant activities,
feelings of social estrangement, and emotional de-
tachment and numbness (e g., work on Vietnam com-
bat veterans, Roberts et al., 1982).

Summary

Table 15.1 i3 a summary of the effects of stressors
on hurnan health and functioning. Three points about
measures of stress should be reiterated here. These
measures generally do not correlate highly with one
another. There are large individual differences in
both the magnitude and the profile of responses to
stressors. Several major factors can moderate reac-
tions to a stressor. We will return to these issues in
a later section of this chapter.

15.4. ENVIRONMENTAL STRESSORS

In this section of the chapter we giscuss the effects
of noise, crowding, heat, and air pollution on human

health and behavior. Additional research on crowding
as well as information on proxemic variables (per-
sonai space, territoriality) can be found in Chapters
12, 13, and 14 of this volume . Following an overview
of the effects of environmenta$ stressors, the utility
of the stress paradigm for understanding these four
enviroimental problems is examined.

15.4.1. Effects of Environmental
Stressors

One of the greatest contributions of applying the
stress perspective to environmental problems is the
broadened scope of analysis that is provided. This
point is perhaps best illustrated by noise research.
Until the 1960s, the major focus of noise research
was on auditory impacts {cf. Kryter, 1970). Yet we
know that there are several very important non-
auditory effects of noise. These nonauditory effacts
are genenlly understood within the perspective
of stress. .

Another major contribution of applying the stress
perspective to environmental problems has been to
sensitize biological and physical scientists to the im-
portance of moderating factors. There is strong im-
petus within the fields of medicine, pubiic health, and
engineering to document dose-response curves for
environment-health relationships. The concept of
psychological stress provides an alternative frame-
work that highlights the importance of individual dif-
ferences in response sensitivity.

In this part of the chapter we review the stress
effects of noise, crowding, heat, and air pollution
Overviews and summaries are provided because
of space limitations in this volume plus the availability
of several good reviews on these areas (Baum &
Epstein, 1978; Baum & Singer, 1982: Baum, Singer,
& Valins, 1978; Carson & Driver, 1970; Cohen et al.,
1986; Cohen, Glass, & Phillips, 1979; Evans, 1982;
Glass & Singer, 1972) An additional purpose of
this part of the chapter is to map out what is and
what is not known about the stress effects of these
four environmental stressors. This will be done
by comparing research on each environmenta) stres-
sor to the array of stress effects outlined in Table
15 1.

Noise

Noise is defined as unwanted sound. Noise is
typically characterized by intensity (e g., dBA),
frequency (e.g., pitch), periodicity (continuous or
interrnittent), and duration (acute or chronic). Other
important characteristics include predictability of
noise bursts (random or fixed interval) and degree of
personai control over noise. Although the importance
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Table 15.1. Effects of Stressors
Affect and
Interpersonal

Physiological Task Performance Behavior (Observation Adaptation
Eievated Deficits in rapid Greater sell-report Increased speech Habitustion in

catecholamines detection of negative affect fults and filled response sensitiv-

pauses ity

Elevated Deficits in sustained Reduced altruism Accelerated speech Negative perfor-

corticosteroids

Elevated blood
pressure

Flevated skin
conductance

Elevated respiration
rale

attention

Deficits in multiple
signal tasks?

Deficits in incidental
memory

Increased process-
ing speed in

and other forms of
social cooperation

Greater aggression
and hostility*

Overly focused and
stereotyped
decision making

rate

Higher vocal pitch

Lexical leakage

More defensive body
postures

mance aftereflects

Reduced altruism
and interpersonal
sensitivity after-
effects

Greater susceptibil-
ity to learmned
helplessness

Reduced immuno-
lopical resistance

worldng memory
with reduction in
capacity

Elevated muscie
tension

Elevated cardiac
output?

foliowing chronic
exposure

Reduced eye contact Higher rates of
cardiovascular
disorders from

chronic exposuse

Greater aulomanipu-
lative behaviors

Higher rates of
psychological
symptoms from
chronic exposure

Greater stereotyped
object play

"Deceleration is possible under some tasks-~see text for details
¢Deficits oceer primarily in secondary tasks —see text for details

*The relationship between aggression and stress may be curvilinear —see text for details

of these various chamcteristics of noise has been
widely acknowledged, in most research programs
noise has been treated simply as high sound levels.
Common sources of noise include occupational ex-
posures, transportation sources, and activities of
nearby residences.

There is strong evidence that loud (usuaily > 80
dBA), unpredictable noise exposure increases
catecholamines, elevates blood pressure, and in-
creases heart rate and skin conductance (Cohen &
Weinstein, 1982; Glass & Singer, 1972; Mclean &
Tamnopolsky, 1977). As noted earlier there are
emerging data suggesting that these psycho-
physiological indices are elevated when individuals
expend effort to cope with a stressor during task

performance conditions. Research on noise, for
example, shows that, when subjects are instructed to
allow performance to drop off, cognitive efforts di-
minish along with epinephrine levels and heart rate
(Lundberg & Frenkenhaeuser, 1978). There are few
data on noise and corticosteroids, respiration, or
muscie tension

Noise leveis of 80 dBA and above also interfere
with some types of tasks. Several studies have found
decrements in secondary tasks in dual-task para-
digms under noise Noise aiso interferes with tasks
requiring rapid detection and response to continuous
signals (e.g., serial reaction time tasks) Finally,
there is evidence that noise interferes with detection
of infrequent signals during sustained vigilance
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(Broadbent, 1871; Cohen & Weinstein, 1982; Hoc-
key, 1979}.

Tasks that require gating or filtering of competing
stirnuli are sometimes enhanced by noise. For exam-
ple, performance on the Stroop task may be better
under noisy than under quiet conditions. In the
Stroop task one is required to name the color of the
print that color words are written in, ignoring the
word itself (e.g , the word red written in green ink)
(Kahneman, 1973) Most studies of noise and task
performance have employed simple tasks requiring
little to moderate information-processing capacity.
As we shall see, stress has little or no effects on
concurrent task performance unless the task places
considerable demands on processing capacity of the
individual.

Noise may also influence memory in complex
ways, producing both decrements on some tasks and
enhanced performance on others. Noise appears to
speed up processing in working memory but with
concomitant reductions in memory capacity. For
example, if subjects in a memory experiment are
suddenly stopped in the middle of a string of words
and then asked to recall as many words as pessible,
recall of recent items is the same or better under
noise conditions. However, the span or length of
iterns back into the list is shorter for noise subjects.
Some data also suggest that the speeded processing
of information in working memory may be responsi-
bie for poorer comprehension of complex meaning
and thematic/abstract knowledge. Verbatim memory
of words, names, and so on as well as the order in
which they occurred in a prose passage is better
under noise. This also may occur because of the
speeded processing of information in working mem-
ory (Hamilton, Hockey, & Rejman, 1977; Hockey,
1979)

Metnory for incidental information is poorer under
noise conditions. For example, if individuals are
asked to memorize a list of words written on cards
and then probed about what color or typeface the
words are printed in or in which comer of each card
they were located, noise will interfere with incidental
recall. Noise typically will not interfere with the ver-
bal recall of the list (Cohen et al., 1888; Hockey,
1979).

Affect and interpersonal behaviors are also influ-
enced by exposure to noise. Many community
studies have documented annoyance with loud
sources of noise (e.g., housing adjacent to airports).
It is instructive to note, however, that the intensity
of noise levels is only a modest predictor of the de-
gree of annoyance. Other situational and personal fac-
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tors contribute significantly to the prediction of an-
noyance. For example, fear of airplane crashes,
whether the noise is viewed as necessary and impor-
tant, perceived control over the noise, and the types
of activities interfered with {e. g , sleeping children)
are all stronp predictors of annoyance with airport
noise (Cohen & Weinstein, 1982). Some persons may
be more sensitive to noise. Self-report measures of
general noise sensitivity have been associated with
more negative physical and psychologicat health reac-
tions to high community noise levels (Tarnopolsky,
Barker, Wiggins, & Mclean, 1978; Weinstein, 1978).
Preliminary work suggests that noise-sensitive indi-
viduals may have less developed interpersonal coping
slills {Weinstein, 1978) and be emotionally less
stable and more anxious in general (Iwata, 1984)

Acute exposure to noise under laboratory conditions
also causes self-reports of stress, tension, and an-
noyance.

There is abundant evidence that altruistic be-
havier and sensitivity to others diminish in noise
(Cohen & Spacapan, 1984; Cohen & Weinstein,
1982). The effects of noise on aggression and hostil-
ity are more complex. Some studies have found
greater agpression and hostility under noise, particu-
larly if subjects have had prior anger provocation or
exposure to aggressive models (Cohen & Spacapan,
1984: Rule & Nesdale, 1976} As we shall see later,
for other stressors there appears to be a curvilinear
relationship between the level of stress and aggres-
ston, with less aggression under extremely noxious
levels of heat or air pollution, for example. This pos-
sibility has not been adequately evaluated with nioise
since most studies have used moderate levels of
noise. The evidence for effects of noise on attraction
and interpersonal judgments is equivocal, with some
studies finding no effects and others suggesting less
positive evaluation of others under noise (Cohen &
Spacapan, 1984).

A few data on noise and decision making are po-
tentially interesting. Noise may produce more ex-
treme and premature judgments (Slegel & Steele,
1979) and seems to interfere with the individual's
ability to differentiate characteristics of people oc-
cupying different roles (e g., self or best friend}
(Rotton, Olszewski, Charleston, & Soler, 1978},

There are insufficient data on verbal and nonver-
bal indices of stress during noise. However, several
studies have examined adaptation to both acute and
chronic noise. Glass and Singer (1972), for example,
reviewed evidence of physiological habituation to
acute noise. Loud noise that is unpredictable or un-
controllable often leads to negative performance af-
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tereffects (Cohen, 1880} and in some cases afteref-
fects of reduced altruism or increased aggression
(Cohen, 1980). Evidence for habituation in response
sensitivity fo chronic noise is decidedly mixed
{Cohen & Weinstein, 1982). There is also some
suggestive evidence that chronic exposure to noise
jeads to greater susceptibility to learned heipless-
ness (Cohen et al., 1980; Cohen et al., 1981).

Reviews of occupational noise exposure generally
conclude that there is moderate to styong evidence
linking noise to cardiovascular disorders in workers
(Weich, 1979). Several commugpity studies have also
associated residential noise exposure to heart dis-
ease {Cohen & Weinstein, 1982). The effects of
chronic noise exposure on gastrointestinal disorders
as well as on resistance to infectious diseases are in-
conclusive.

Many studies have noted associations between
chronic noise exposure and psychological symptoms,
psychiatric admissions, and use of tranquilizers. Be-
cause of the serious methodological weakness of
these studies as well as the existence of a sufficient
number of inconclusive studies, the data on noise
and mental health must be regarded as contradictory
or insufficient at this time (Cohen & Weinstein,
1982)

In comparing noise results with Table 15.1, it is
clear that there are many partially or completely un-
answered questions about noise and stress. Of the
seven physiological indices of stress, high-intensity
noise has been clearly linked to four; increased
catecholamings, blood pressure, heart rate, and skin
conductance. Insufficient data exist on noise and cor-
ticosteroids, respiration, and muscle tension. Of the
five-human performance impacts of stress, noise has
yvielded somewhat consistent data on all but one of
the measures, speeded processing in working mem-
ory. There is also good evidence linking noise with
nepative affect and interpersonal behaviors, with de-
cision making the only inconclusive category. There
are little data on observations of verbal or nonverbal
behaviors during noise and a noteworthy mix of evi-
dence on adaptation results. The data on long-term
adaptation to noise are contradictory, as are studies
linking noise exposure to psychological symptoms.

Crowding

Crowding has been distinguished from density, which
is a physical measure of the number of persons per
unit of space (e g, room, acre, square mile). Crowd-
ing is a psychological state that occurs when needs
for space exceed the avaifable supply (Stokols, 1972).
While most environmental psychologists recognize
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the value of distinguishing between crowding and
density, there have been some criticisms of this ap-
proach (Freedman, 1975). Different measures of
crowding have been discussed in the literature.
Crowding has been associated with measures of in-
side or outside density (Galle, Gove, & McPherson,
1972; Zhstnick & Altman, 1972). Inside density refers
to the number of people per living or interior spatial
unit (e.g., number of persons per room, or per
square feet of interior space). Ouiside densily relers
to measures of a real extent outside of the residential
unit (e g., people per square mile, buildings per
acre} Several researchers have noted limitations of
external density measures. Galle and colieagues
{1972} and Zlutnick & Altman (1972), for example,
argue that external density measures do not
adequately capture the individual's daily experience
of cramped living space, lack of privacy, interference
from others, and so forth Furthermore, descriptive
measures of external density are frequently mislead-
ing because of the unequal distribution of people over
geographic space. Thus to speak of the mean
number of people per square mile in the United
States as one country combines density measures of
major cities that are quite high with extremely
sparsely populated areas like New Mexico (Day &
Day, 1973).

Crowding van also be defined in terms of changes
in the number of people per unit of space (social den-
sity) or changes in the amount of area provided for a
given number of people {spatial density) (Loo, 1972;
McGrew, 1970) As in the case of noise, most re-
searchers have not paid careful attention to these
various characteristics of crowding. For example, few
if any studies have used crowding as an independent
variable in experimental designs, relying on density
manipulations instead. This igsue and other problems
with ignoring defining characteristics of the various
stressors are discussed further in the last section of
this chapter.

Only a few studies have measured endocrine
levels under varying density conditions. Elevated
catecholamines were noted in crowded commuter
trains in Sweden {Lundberg, 1976; Singer, Lundberg,
& Frankenhaeuser, 1978}, as well as elevated cortisol
levels among crowded shoppers (Heshka & Pylypuk,
1975). Alello, Epstein, and Karlin (1975), however,
failed to find increases in cortisol levels in crowded
dormitory residences. Many studies have found sig-
nificant density-related increases in blood pressure,
heart rate, and skin conductance (Baum & Paulus,
Chapter 14, this volume; Evans, 1978b). No data are
available on respiration rate or muscle tension.
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Research on density and task performance has
found deficits for information-processing tasks with
multiple signais, tasks requiring sustained attention
(Baum & Paulus, Chapter 14, this volume; Evans,
1978b), tasks requiring rapid responses to sequential
stimuli (Evans, 1978b), and decrements in incidental
memory (Saegert, MacKintosh, & West, 1975). Few
or no other data exist for density and other memory
tasks. Much as has been the case with noise re-
search, many crowding studies have found no effects
of high density on simple task performance (Evans,
1978b; Freedman, 1975).

Crowding is frequently accompanied by negative
affect, including reports of tension, anxiety, and
stress (Baum & Paulus, Chapter 14, this volume;
Sundstrom, 1978). Preliminary evidence indicates
that certain individuals are more sensitive to the ef-
fects of high density Males tend to be more nega-
tively affected, particularly under competitive condi-
tions (Epstein, 1982; Sundstrom, 1978) Moreover,
persons with external locus of control respond more
negatively, at least to acute high-density exposures
(see Baum & Paulus, Chapter 14, this volume), along
with persons who have larger personal space zones
(Dooley, 1978; Evans & Eickelman, 1976). Finally,
there is some evidence suggesting that younger chif-
dren are more susceptible to residential density than
are young adults (Evans, 1978a; Saegert, 1981).

A few studies have noted reduced helping be-
havior under high-density conditions, but a more con-
sistent finding has been greater social withdrawal.
Social withdrawal has been shown by several indices
during high-density encounters, including: less aye
contact, greater interpersonal distancing, and less in-
itiation of conversation (Baum & Paulus, Chapter 14,
this volume; Sundstrom, 1978). The potential lirk be-
tween greater social withdrawal and less sensitivity
to others’ needs has not been investigated in any sys-
tematic manner.

Research on density and aggression is Very ¢com-
plex. Studies with children, for exampie, have found
evidence for both increased and decreased aggres-
sion under very dense conditions {Loo, 1978;
Sundstrom, 1978). Less aggression may be caused
by the greater social withdrawal behaviors as noted
previously. It is possible that a curvilinear relation-
ship might exist between degree of crowding and ag-
gression. When density levels are sufficient to pro-
duce extreme discomfort and crowding, motivation to
withdraw from other people may predominate over
aggressive or hostile feelings. As in the case of
noise, insufficient attention has been given to ma-
nipulating a wide range of densities within an experi-
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ment. Extremely few studies have compared more
than two levels of density There is also some evi-
dence that the ratio of the number of people to the
number of resources influences aggressior under
crowded conditions (Wicker, 1979). Children are
more aggressive, for example, when there are fewer
toys than when a sufficient number of toys is availa-
ble. There is also evidence of gender differences in
aggressive reactions to crowded environments  Nega-
tive interpersonal behaviors are much more common
among crowded males than among crowded females
(Baum & Paulus, Chapter 14, this volume; Epstein,
1982).

I addition te the noaverbal indices of social with-
drawal, a few density studies have found evidence of
greater automznipulative and behavioral stereotype
behaviors (Evans, 1978b) There are insufficient data
on crowding and decision making to draw any firm
conclusions. A few studies have found suggestive evi-
dence of interference in group cooperation tasks
under high density (Evans, 1979a).

Several investigations of density have examined
evidence for adaptation. Most studies have found
that short-term exposures to high density do ot
lead to decreased response sensitivity. Chronic ex-
posure {o high-density environments, however, does
seem to lead to greater tolerance for crowding
{(Sundstrom, 1978). Negative aftereffects in per-
formance have also been noted in several studies of
density, particularly when subjects have no control
over the crowding (Cohen, 1980; Sherrod, 1974)
Insufficient data exist on altruism aftereffects from
exposure to density. A few studies have linked high
residential densities with greater susceptibility to
learned helplessness (Baum, Aiello, & Calesnick,
1978; Rodin, 1976).

There are a large number of crowding studies in
the animal literature that have linked high-density
living environments with heightened susceptibility to
infectious diseases as well as directly to cardiovascu-
lar disease (Christian, 1961; Dubos, 1965; Thiessen,
1964} Human high-density studies on cardiovascular
data are too few in number to draw any conclusions,
but several studies have found associations with
poorer physical health (Baum & Paulus, Chapter 14,
this volume; Cox, Paulus, McCain, & Karlovac,
1978; Sundstrom, 1978). Many of these studies are
static, correlational designs using aggregate levels of
analysis and thus suffer from serious methodological
limitations Nevertheless, there are evident trends
in the literature to suggest some link between resi-
dential density and poor physical health. The data on
high density and psychological health are very con-
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tradictory and emanate primarily from seriously
flawed field studies (Esser, 1974; Sundstrom, 1978).

The degree of overlap between the stress effects
matrix and research on crowding is also reasonably
good, although not as complete as in the case of
noise There is strong evidence that high density
causes elevated blood pressure, heart rate, and skin
conductance, weaker data on catecholamines, and
contradictory findings on corticosteroids As in the
case of noise, there are insufficient data on density
and respiration rate and muscle teasion The evi-
dence on human task performance and high density
is generally wealk, with the only clear trend showing
more errors in multiple-signal tasks during crowding.
The data on density and sel{-reports of negative af-
fect as well as interpersonal hehavior are mixed.
There are wealk or insufficient data linking density
with changes in altruistic hehaviar or decision mak-
ing, and contradictory results on aggression There
are, however, reasonably consistent data showing
that crowding increases ratings of negative affect
The data on high density and aggression.are poten-
tially understandable in terms of an inverted-U-
shaped function wherein increases in density up to
some moderate point cause increasing aggression but
then lead to withdrawal as higher levels are ap-
proached. There is some evidence linking high densi-
ty and nonverbal indices of stress but contradictery
findings on crowding and adaptation. Several short-
term exposure studies have found exacerbation of
reactions over time, whereas long-term studies have
found some evidence for habituation to high-density
settings. There are contradictory data on density and
psychological health but reascnably consistent data
showing that high density is linked to greater ill
health ins animals and possibly in humans as well. Fi-
nally, several studies have found negative aftereffects
following exposure to uncontrollable high-density con-
ditions.

Heat

The perception of temperature is due primarily to
the relationship between the temperature of the ex-
ternal environment and the core temperature of the
body Thermeregulation by the human body main-
tains core iemperature within a restricted range
around 37°C If the core exceeds this temperature,
serious disorders of heat stroke and heat exhaustion
may occur that can lead to death (Bell & Greene,
1982). Other factors that affect the exchange of heat
between the body and the atmosphere also influence
the effects of ambient temperature on human health
and weli-being. Among the more important factors af-
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fecting heat exchange are relative humidity, clothing,
and acclimatization.

The physiclogical effects of heat center around
the thermoregulatory mechanism, which is controlled
by the hypothalamus. It is believed that changes in
ambient temperature are monitored by thermosensi-
tive cells in the skin that feed back to the cortex,
which in tumn innervates the hypothalamus. Eleva-
tions in temperatures produce an initial increase in
blood pressure that is quickly followed by peripheral
vasodilation (to allow heat escape). The peripheral
vasodilation causes a subsequent drop in blood pres-
sure. If the body is unable to restore core tempera-
ture within a safe range, blood pressure will rise
again. This is actually a sign of imminent danger that
if not dealt with may rapidly lead to heat exhaustion
and a marked dropping off of blood pressure and
other vital signs. 1f core temperature is not quickly
restored, serious conseguences including death may
arise. Both heart rate and skin conductance increase
as ambient temperature rises Excessive demands on
the thermoregulatory system may lead to heart at-
taclk. During prolonged heat wave conditions there
are marked increases in cardiac arrests, particularly
among the elderly (see Bell & Greene, 1982, for
more details on physiological reactions to heat).

While some of these physiological reactions to
heat are similar to stress responses (e.g , height-
ened heart rate and skin conductance), in general it
is probably fair to say that there is little direct
physiological evidence linking heat to the stress re-
sponse pattern outlined in Table 15 1. Nearly all of
the physiological responses to heat are centered on
improving heat exchange between the body and the
environment. Skin conductance, for example, ele-
vates because of increased sweating, which is a cool-
ing mechanism. There are few data on endocrine re-
sponses to heat stress. This is unfortunate since they
are less directly influenced by thermoreguiation
mechanisms and thus might show more unambigu-
ousty whether heat is a psychological stressor for
some individuals

Mason and his co-workers {(1976) have used heat
as one type of stressor to study the importance of
psychosocial factors in endocrine responses to nox-
ious environmental conditions. As noted earlier,
Mason's work suggests that perception of threat or
harm may be necessary to provoke the array of
physiological responses suggested by Selye (1956).
Human subjects were exposed to very gradual tem-
perature changes (ranging from 74 to 105°F at rela-
tive humidity of 50%) . Core temperature and urinary
corticosteroids were monitored. No evidence of
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psychoendocrine responsiveness was found even
under the hottest conditions where core tempera-
ture increased by 1.6°. There are insufficient data on
heat and muscle tension or respiration rate.

The effects of heat on task performance are ex-
tremely complex and not well understood from any
one theoretical perspective. Generally, heat is more
likely to produce performance decrements in un-
acclimatized subjects exposed to heat (approximately
32°C) over a long pericd of time. Tasks with multiple
signals are adversely affected by heat. Studies have
shown vigilance tasks improved, unaffected, and
worsened by performance during heat exposure. For
rapid signal detection and response tasks, heat expo-
sure seems to improve ipitial performance, which
then tapers off and eventually declines under heat
conditions (Bell & Greene, 1982; Poulton, 1970)

Research on heat and task performance is par-
ticularly difficult to characterize because there are
several important methodological variables that vary
markedly across studies. Levels of heat and whether
it is measured at core body temperature or at am-
bient levels, relative hurmidity, duration of exposure,
and use of acclimatized or unacclimatized subjects all
bear importantly on the relationship between heat
and human performance. To our knowledge there is
no research on heat and memory.

Self-report measures of heat focus on thermal
comfort ratings. Thermal comfort is strongly related
to ambient temperature, humidity, and clothing insu-
lation properties {Griffiths, 1975). For moderate
clothing and 45% relative humidity, the range of
comfort for most persons is 24 to 27°C. When tem-
peratures are higher than this, people typically re-
port discomfort, irritability, and, if exposure is pro-
longed, fatigne. Measures of perceived tension,
nervousness, anxiety, or stress have not been moni-
tored systematically in heat research (Bell &
Greene, 1982) There are mixed data on heat and in-
terpersonal attraction, with some suggestive evi-
dence that heat reduces interpersonal attraction only
for persons who are not also suffering from the same
uncomfortable conditions (i.e., no shared distress)
and when there are no strong preexisting attitudes
about the target person{s) (Bell & Greene, 1982).
Heat has little or no effects on altruistic behaviors
{Beli & Greene, 1982). There are also insufficient
data on heat and decision-making behaviors.

As noted in the above sections on noise and
crowding, the relationship between environmental
stressors and aggression may be curvilinear This
theory comes primarily from research on heat and
negative affect. As ambient temperature rises there

is a linear increase in negative affect that is accom-
panied by greater hostility and aggression. How-
ever, at some point (approximately 35°C) the hot
setting becomes so negative or noxious that, instead
of aggression, behaviors to withdraw or escape from
the hot environment predominate. Thus at some
moderately high temperature aggressive behaviors
actually drop off (Baron, 1978).

The evidence for this model of negative effect,
heat, and aggression is pretty consistent. As heat in-
creases heyond a certain point, whereas negative af-
fect continues to mount, aggression decreases. Self-
reports are also consistent, with subjects indicating
that their primary needs as temperature continues to
climb are to escape from the situation (see Baron,
1978, for a good review of the evidence). Further-
more, manipulations that hold temperature constant
but reduce negative affect {e g., giving someone a
cool glass of water) show a drop in negative affect
and a continuing increase in aggression at high tem-
peratures. Field studies of collective violence tend to
show the same curvilinear effect, with rioting in-
creasing as temperatures rise up (o some point
{(around 32°C) and then dropping off with increasing
temperature (Baron, 1978; Bell & Greene, 1982}

There are few or no data on verbal and nonverbal
indicators of stress during heat but some interesting
research on heat and adaptation. While there are few
data on heat and aftereffects, susceptibility to in-
fectious diseases, or changes in vulnerabiiity to
helplessness, there are consistent findings showing
increased risk of cardiovascular disease during
periods of increased temperature. Yet if people live in
a hotter climate there is no evidence of increased
cardiovascular disease. These two sets of data
suggest that it is a change in temperature rather than
higher temperature per se that challenges the car-
diovascular system. Acclimatization to heat is a well-
documented phenomenon that occurs typically after
4 to 7 days of exposure to a hotter environment.
Acclimatization is caused by increased sweating effi-
ciency and is accompanied by lower discomfort, iess
physiological reactivity, lower core temperature, and
better task performance during hotter temperatures.
There is also a large but contradictory body of work
on genetic differences in heat acclimatization {Frisan-
cho, 1979).

While there are enough trends in both the noise
and the crowding literature to suggest that the stress
model has some support, the situation is markedly
hazier for heat. There are insufficient data for most of
the physiological indices of stress and heat, with
most physiological changes accompanying heat proba-
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bly due to thermoregulatory activities Research on
heat and task performance is very mixed, and insuffi-
cient data exist for altruism and decision making.
The inverted-U-shaped function between heat and
aggression is strongly supported. There are also
many studies showing habituation with heat expo-
sure. Data on heat and observational indices as well
as various measures of psychological adaptation pro-
cesses are largely absent.

Air Pollution

It is immediately apparent when examining the sir
poliution literature that there is considerably less re-
search on air pollution and human behavior than
there is on the other three environmental stress-
ore we have considered thus far. Furthermore, espe-
cially in the case of air poliution and perhaps for heat
as well, few researchers have explicitly exam-
ined whether these environmental conditions are
stressors.

Ajr poliution is a ubiguitous problem, affecting
the majority of the population of the United States,
and costing upwards of $250 million per year in direct
health costs alone {Evans & Jacobs, 1982). Alr pollu-
tion is actually a collection of several toxic agents
that include photochemical oxidants or smog (chiefly
ozone as the toxin), sulfur oxides, nitrogen oxides,
carbon monoxide, and particulates. There are two
other categories of air pollutants that are not as
thoroughly documented as the list of ambient pollu-
tants. The first of these, indoor air pollutants, is enly
now gaining the serious attention it deserves in the
health community (National Academy of Science,
1981). Indoor gas heating and cooling exhausts,
insulation and other construction materials, and oc-
cupationally related toxin exposures are the most
prominent sources of indoor air pollution exposure.
The most common harmful compounds found in in-
door air pollution include nitrogen dioxide, carbon
monoxide, formaldehyde, asbestos, and various sol-
vents.

The second eategory of air pollutants that have
not been as extensively analyzed as the ambient pol-
lutants includes heavy metals such as lead, mercury,
cadmium, and other compounds. These chemicals
find their way into the human body via pasticulant
settlement from the air, ground water supplies, and
plant absorption (Waldbott, 1978}, )

Unfortunately, to date, even fewer behavioral
scientists have been involved in studying indoor air
pollution or heavy metal toxins than the already pal-
try numbers looking at ambient air quality and human
hehavior. This is particularly unfortunate because

many of the effects of the toxic compounds found in-
doors (e.g., formaldehyde) or in heavy metals (e.g ,
lead) include neurosensory dysfunction (Weiss,
1983). There is also evidence for critical develop-
mental periods for childhood exposure to some of
these compounds. Many of these chemicals may not
have cbvious direct negative outcomes until years
after childhood exposure. The emerging field of
teratology is examining such issues (Fein, Schwartz,
Jacobson, & Jacobson, 1983).

As one might expect, the overwhelming majority
of air pollution and human studies have focused on
respiratory-related outcomes. Since this research
has been extensively reviewed (Coffin & Stokinger,
1977; Goldsmith & Friberg, 1977), we will focus our
attention here on the few behavioral studies of air
pollution. As will be apparent from reading the next
few paragraphs, this research is at a very early
stage.

With the exception of cardiovascular measures, no
research to our knowledge has examined phy-
siological indices of stress from exposure to air poilu-
tion. There is evidence that exposure to carbon
monoxide increases heart rate because of demands
for more oxygen. There is a good deal of evidence
that carbor monoxide interferes with tasks requiring
sustained attention and may also disrupt multiple-
attention tasks (Evans & Jacobs, 1982} There are
conflicting data on rapid signal detection tasks, For
example, some studies have found slowing of reaction
times during exposure to carbon monoxide, whereas
other studies have found either no effects or the
same pattern of decrements, but only for those indi-
viduals with preexisting respiratory impairments
There are insufficient data on air pollution and mem-
ory, but there is some suggestive evidence that car-
bon monoxide may slow down working memory. Note
that this is in direct opposition to what noise and
other stressors do to werking memory There are
very few data on other pollutants and human task
performance. Nearly all of this work has focused on
carbon monoxide (Evans & Jacobs, 1982; Gliner,
Raven, Horvath, Drinkwater, & Sutton, 1975). It is
difficult to know whether any of the task deficits as-
sociated with pollutant exposures are due to stress.
At Jeast in the case of carbon monoxide, it is proba-
bly more parsimonious to attribute task deficits to
oxygen deprivation to the brain.

Thete is a moderate amount of survey research
measuring citizens’ atlitudes and awareness of air
pollution. Individuals are annoyed by air pollution and
will indicate that it is a serious community problem
when directly queried (Evans & Jacobs, 1982). How-
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ever, when individuals are simply asked to rank order
community problems, air poliution is not very salient
in comparison to other community issues (Barker,
1976). Much of the survey research has focused on
other variables that influence people’s reactions to air
pollution. Consistent data suggest for exampie that
concern and awareness are greater for those with
more education, for wormen, and for individuals with
greater internal locus of control. Individuals who
have resided under poor ambient air quality for a long
period of time or those economically dependent on a
major pollution source are less likely to be hothered
by air pollution (Barker, 1976; Evans & Jacebs,
1982). The significance of these and other moderat-
ing factors for environmental stress is discussed in
more detall in a later section of this chapter.

Interpersonal relationships have been examined in
a few studies of air pollution. Both malodors and
cigaretie smoke cause annoyance and more negative
evaluations of the immediate environment. Interper-
sonal attraction appears to diminish under poor air
quality so long as the target individual is not viewed
as also suffering from exposure to similarly noxious
conditions. When subject and target are both ex-
posed to poor air quality {e.g., malodor), a sense of
shared distress seems fo create empathy for the
other person (Rotton, Barry, Frey, & Saler, 1978),
Note the similarity of this trend with earlier data on
heat and interpersonal attraction. Furthermore, some
research indicates less altruism under poor air quality
conditions and increased aggression up to a paint
with increasing air poliution (Evans & Jacobs, 1982).
Rotton, Frey, Barry, Milligan, and Fitzpatrick (1979},
however, found a curvilinear relationship, as in the
heat studies, between air pollution levels and aggres-
sion. Once again subjects’ behaviors and self-reports
suggested that, when environmental conditions be-
came sufficiently noxious, efforts to withdraw from
the situation were more salient than hostility or ag-
gression. There are no data to our knowledge on de-
cision making under air pollution nor observations of
verbal or nonverbal indices of stress.

Some recent research, however, has begun to
examine possible evidence of adaptation to air poilu-
tion. Rotton (1983) found performance aftereffects
following exposure to uncontrollable, malodorous
pollution. This finding and several survey studies
suggest some feelings of helplessness in the face of
exposure to chronic air pollution. Few people feel
any personal means are available for reducing air pol-
lution, and for some this leads to feelings of
hopelessness about the problem (Evans & Jacobs,
1982). For exampie, Rankin (1969) found that very

ENVIRONMENTAIL STRESS

few people felt like complaining about air peflution
even when they were annoyed by it. About half of
those who were annoyed did not complain because
they felt it would not do any good. Air pollution may
become an accepted, largely unnoticed background
characteristic of the everyday environment because
nothing can be done about it (Campbell, 1983;
Wohlwill, 1974). Both physiological (Dubos, 1965)
and psychological evidence exists for habituation in
response sensitivity with chronic expoesure to air pol-
lution. Evans and colleagues (1982) found that per-
sons who had previously lived in high air poilution
zones were less aware and less affected by poor
quality in their current residence in a high poliution
area that they had recently migrated to than new
migrants who had previeusly lived in low paollution
areas. There is also some evidence of short-term
habituation in respiratory sensitivity to air poliutants
plus inhibited immunological response with chronic
air pollution exposure as well as greater incidence of
cardiovaseular disease {Goldsmith & Friberg, 1977).
The latter effects are probably due to direct effects
of greater oxygen demand. Some poliutants like car-
bon monoxide also accelerate atherosclerosis.

Finally, there are a few studies linking air pellution
levels with poorer mental health Simple correlations
without extensive controls for other factors have
been found between pollution levels and psychiatric
admission rates {Briere, Downes, & Spensley, 1983;
Strahelivitz, Strahelivitz, & Miller, 1979). Several
other studies have reported ne such associations,
however. Two recent studies with more thorough con-
trols and beiter research designs have found evi-
dence for poorer psychological health as measured on
a standardized scale (Evans et al., in press) and 911
emergency calls for psychiatric-related problems
(Rotton & Frey, 1984) . In the study by Evans and as-
sociates, however, only persons who had recently ex-
perienced a stressful life event were vulnemable to the
negative psychological impacts of air pollution. This
finding is interesting in light of earlier discussions
about adaptation to stressors. Exposure to a stressor
that is either major or prolonged may interfere with
subsequent ability te cope with other environmental
sources of stress.

The overall picture is incomplete for characteriz-
ing air pollution as an environmental stressor. The
only consistent evidence Haking air pollution to
stress is from negative affect data. There i$ also
some support for task performance data, although
these findings are limited to carbon monoxide. Fur-
thermore, as noted i the text, these performance
deficits may be due to hypoxia and not stress. There
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is also moderate support, showing habifnation in re-
sponse sensitivity with chronic exposure to air pollu-
tion. While the data on rapid signal detection tasks
are contradictory, the remaining stress-related ef-
fects are either weak or for the most part insufficient
to draw any firm conclusions about the status of air
pollution as an envirommental stressor.

15.4.2. Evaluating the Stress Paradigm

A central guestion addressed by this chapter is
whether the four environmental problems of noise,
crowding, heat, and air poliution can be understood,
at least in part, as psychological stressors. We sug-
gest that the answer is yes for noise and crowding
and possibly yes, pending further investigation, for
heat and air polhstion. Both noise and crowding have
effects on human health and behavior that can be
characterized as stress effects. Heat and air pollntion
may or may not function as stressors with too few
data available to warrant any conclusions at this time
When one examines the various matrices of stress
effects and environmental stressor data, several re-
search questions are immediately apparent. The im-
portant conceptual issue of whether perceived threat
is 2 prerequisite to experiencing psychological stress
is a centrai issue for work on environmental stressors
as well. While theoretical distinctions have been
made between physical measures of the environ-
ment, density and sound levels, and corresponding
parceived measwures, crowding and noise, these same
distinctions have not been developed and evaluated
for heat or air pollution. Furthermore, for all of these
four stressors, we really do not know to what extent
each of them is perceived as threatening to health or
well-being, nor do we know what the relative, empiri-
cal relationships are between perceived versus actual
measures of environmental conditions and human
health and behavioral outcomes (Cohen et al., 1986).

Heat and air pollution are typically low-level,
chronic aversive conditions that may not be salient to
most people. Perhaps among more vulnerable sub-
groups of the population (e.g., heat and cardiac pa-
tients or air poliution and those with respiratory im-
pairments), these stressors may be threatening and
initiate a wider array of symptoms resembling psy-
chological stress. Heat and air pollution may also be
viewed as more “natural” stressors that are harder to
atiribute directly to the behavior of other individuals,
This may produce Jess annoyance and an attitude of
acceptance that such conditions are part of everyday
life and not readily modifiable.

Considerably more work is needed on environ-
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mental stressors and task performance. This type of
research, however, will continue to be plagued by
weak and inconsistent findings until a better con-
ceptual understanding of stress and cognition is de-
veloped More basic research is needed on how cog-
nitive mechanisms are affected by stress. In addition,
the role of individuals' attitudes toward the stressor
may prove to be a critical parameter in performance
research on stress, We already know, for example,
that cognitive effort for at ieast short periods of time
can strongly influence the effects of stressors on per-
formance {Cohen et al., 1986).

In the area of affect and interpersonal behavior,
two prospective research areas stand out. First,
there is a noticeable dearth of studies on environ-
mental stressors and decision making. The effects of
psychological stressors on decision making are suffi-
ciently validated that they warrant examination under
aversive environmental conditions. More work is also
called for on aggression and environmental stressors
We know from heat research that high levels of tem-
perature appear to depress aggressive behaviors in
the face of rising negative affect. There are some
similar findings in the air pollution literature as well.
We also know that under high-density levels, a tre-
quent social behavior is withdrawal. While these pat-
terns of data may fit the inverted- U/-shaped function
between aggression and negative affect posited by
Byme (1871), an alternative explanation of the data
may be learned helplessness, which also is asso-
ciated with retarded aggression responses. Perhaps
under very averse environmental conditions indi-
vidual feelings of helplessness cause withdrawal and
less apgression.

Another large research gap in environmental
stressors is observation indices of stress. With the
exception of a few crowding studies (Evans, 1978b),
there has been essentially no work on verbal or non-
verbal indices of stress during exposure to environ-
mental stressors. Résearch on adaptive processes
and environmental stressors has focused primarily on
habituation, performance aftereffects, and indices of
health status. Both heat and air pollution could be
studied with aftereflect paradigms, as has been done
more extensively with noise and crowding. Another
type of aftereffect that warrants further research in
all four of the environmental coaditions reviewed
here is susceptibility to other stressors. One of the
costs associated with coping with stressors may be
reduced capacity to respond to other environmental
challenges. There is markedly little research on how
coping with one stressor affects our ability to deal
with another source of environmental demand (see
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Cohen, 1980; Cohen et al., 1986, for some prelimi-
nary ideas on the effects of coping with environmen-
tal stressors)

More work is also needed to understand the
physical and social conditions that predispose some
individuals at certain times to habituate to chronic
stressors as opposed to increasing their reactance
with experience. Some research suggests that the
extent of threats to health and/or the importance of
goals interfered with by the stressor may influence
the ways in which peopie cope with chronic environ-
mental stressors {(Campbell, 1983; Stokols, 1979).
The relationship between exposure and learned
helplessness also warrants further exploration.
While there is some noise and crowding research on
helplessness, we do not understand what aspects of
the environment produce these effects, nor do we
know much about the circumstances that are more
likely to augment them. Of particular interest in this
regard and more generally is the question: What are
the environmental conditions that are most likely to
cause one to perceive a general sense of loss of en-
vironmental mastery?

A final question emanating from our comparison
of the overall stress matrix with the various results
on environmental stressors is: To what extent are
physical and mental health influenced by chronic ex-
posure to suboptimal environmental conditions?
Basic research is rapidly emerging on the physiclogi-
cal mechanisms that link stress to cardiovascular dis-
eases as well as infectious diseases. Environmental
stress research on physical health needs to take ad-
vantage of this ernerging knowledge

15.5. THEORETICAL AND
METHODOLOGICAL ISSUES

15.5.1. Cognitive Mediation of
Environmental Stressors

A critical limitation in focusing oaly on physical
sources of stress in situations is the fact that peopie
vary greatly in their reactions to the same configura-
tion of physical demands. The role that cognitive
analyses of stress have played in the development of
the noise or crowding literature, for example, is ap-
parent in the lexicon of both of these literatures.
The distinctions between sound and noise or be-
tween density and crowding point to the importance
of individual evaluations of environmenta! derands.
Cognitive appraisals of a stimulus configuration as
threatening or harmful are a core component of

stress (Lazarus, 1966: Lazarus & Launier, 1978).
Stress occurs when environmental demands are per-
ceived as taxing or exceeding the organism’s ability
to cope with those demands. Thus the meaning of a
physical configuration of an environment has power-
ful influences on whether those physicai conditions
will elicit stress.

it is interesting to note that, while most environ-
mental psychologists accept this position on the cen-
tral, mediating process of appraisal, there is mark-
edly little research comparing, for example, density
to crowding measurements or sound to noise mea-
surements in their respective explanatory power to
predict human health on behavioral outcomes. Cohen
and his colleagues (1986) have recently compared ac-
tual sound levels and perceived noise ratings on sev-
eral measures of children's health and behavior
These analyses suggest that children's perceptions of
noise accounted for significant proportions of var-
iation in some outcome measures {e.g., biood pres-
sure) when controling for actual noise levels
Teachers’ perceptions of noise-related classroom in-
terference aiso predicted children's performance on
attentional tasks, after controlling for objective noise
tevels. The latter finding is particularly interesting be-
cause it suggests possible links between children's
and adults’ reactions to shared stress. Research on
crowding also suggests that subjective feelings of
crowding may be associated with negative outcomes
after controiling for physical density measures {Bal-
dassare, 1979). On the other hand, Saegert (1981}
has found that, while apartment density was signifi-
cantly related to classroom behaviers and scheol per-
formance among elementary school children, per-
ceived crowding did not mediate the effects of densi-
ty. Moregver, Evans and his colleagues (in press)
found that ozone levels, but not visibility, in conjunc-
tion with recent stressful fife events, were related to
psychological heaith symptoms.

The stressful life events literature has examined
the issue of objective versus perceived stress levels
in some detail. This issue has some important con-
ceptual roots going back to the physiological and
psychological perspectives on stress discussed at
the beginning of this chapter. The early stressful life
event literature derived primarily from Selye and
Cannen's emphases on stress as symptomatic of
bodily reactions to reestablish homeostasis in the
face of adaptive challenges from the environment
Stressful life events were thus originally conceived
of in terms of the amount of change or disruption the
events produced, that is, the amount of disequilib-
rium {(Dohrenwend & Dohrenwend, 1974, 198%;
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Holmes & Rahe, 1967). Subsequent research has
suggested, however, that the perceived severity of
a stress jife event is a better predictor of health out-
comes than is the amount of environmental change
or disruption per se {Cohen, 1981; Cohen, Kamarck,
& Mermelstein, 1983; Evans, Palsane, & D'Souza,
1983; Thoits, 1983).

Some important tasks for persons interested in
the issue of perceived versus objective measures of
environmental stressors are: (1) to develop some
conceptual framework to explain how and when per-
ceived stressors will predict some outcomes better
or worse than objective measures of environmental
stressors; (2) to comstruct outcome measures that
are not overly confounded with the perceived stress
measures in terms of both actual content {e ., use
of illness symptoms as stressors) and the method
used (measures using the same method typically
share some method-based error, e.g., linking self-
reports of perceived stress to self-reports of anxiety
or health); and (3) to determine what characieristics
of physical and secial environments are most likely to
cause different patterns of perceived stress. Some
preliminary progress has been made on some of
these issues. Data suggest that subjective measures
predict better than objective ones under jow or med-
erate levels of stressors. Under very aversive condi-
tions such as extremely high noise impact zones,
decibel levels are more highly associated with out-
come measures (Neus, Ruddel, & Schulte, 1983)
Research in the environmental assessment fieid has
also examined the intervelationships among ebjective
and subjective indices of environmental quality (cf.
Carp & Carp, 1982; Craik & Zube, 1876)

The most investigated mediating construct be-
tween environmental stressors and human outcome
measures has been perceived control (Averilt, 1973;
Glass & Singer, 1972). Contral has been implicated
as a principal mechanism for the aversive effects of
several environmental stressors (see Section 15.3.4).
Research on crowding, noise, and to some extent air
pollution has shown that, generally, when these
stressors are uncontroliable, they produce more
negative effects on human functioning. Forthermore,
the provision of actual or perceived controf over emnvi-
ronmental stressors significantly reduces their aver-
sive impacts (Cohen, 1980; Cohen et al , 1986; Glass
& Singer, 1972). Chronic exposure to uncontrollable
environmental sources of stress has also been impli-
cated in Jearned helplessness.

Several aspects of further research on control
and environmental stressors are apparent. More
worl on control and heat and air pellution is war-
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ranted. There is suggestive evidence that prolonged
exposure to either or both of these conditions may
lead to feelings of hopelessness (Bell & Greene,
1982: Evans & Jacobs, 1982). Moreover, at least
one study has shown that perceived control over air
pollution dramatically reduces some of its aversive
effects (Rotton, 1983).

The manner in which people adapt to chronic ex-
posure to environmental stressors may vary as a
function of the intractability of the stressor. People
may be more likely to seek instrumental coping
strategies when the negative environmental costs
are viewed as malleable (Campbell, 1983; Evans et
al., 1982), Controi may also influence both the per-
ceived severity of a stressor and the refative predic-
tive power of objective and perceived measures of
environmental stress,

Finally, there are forms of control in additien to
behavioral control, such as cognitive control, which
may prove to be potent mediators of environmental
impacts. For example, Mechanic's research on stu-
dents preparing for exams found that mastery was
achieved primarily through cogritive preparation and
social comparisons prior to the exams (Mechanic,
1962). Similarly, research on medical procedures
shows that preparatory information, particutarly if
coupled with suggestions for pain reduction, strongly
influences patient recovery and well-being (Janis,
1983). Saegert and her colleagues have applied this
type of cognitive control intervention with some suc-
cess in crowded settings. When individuals are
forewarned about impending erowding conditions in
retail stores, their task performance is less severely
affected by crowding and they feel less stress
{Langer & Saegert, 1977; Love & Saegert, 1978,
Saegert, Mackintosh, & West, 1975). Baum and his
colleagues have also shown differences in behavioral
reactions to high-density settings utilizing different
cognitive control manipulations (see Baum & Paulus,
Chapter 14, this volume) Furthermore, as noted
earlier, while greater control is generally efficacious,
some situational and personal factors may lead to no
effects or possibly negative effects from instrumen-
tal control over a stressor. More research: is needed
on this topic.

The attitude of the individual toward environmen-
tal stressors is another important cognitive mediator.
Yor example, as noted earlier, many studies of an-
noyance with environmental sources of stress like
noise indicate that attitudes about sound levels are
consistently better predictors of citizens' annoyance
than are physical measures of sound Fear of
crashes, perceptions of whether the noise source is
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necessary and important, and whether any attempts
are being made to modify the noise have ali been
found to be potent mediators of the sound level-
perceived annoyance relationship (Cohen & Wein-
stein, 1982).

The mediating role of expectancies is dramatically
llustrated by research on crowding and noise showing
that anticipation of these environmental stressors
causes reactive symptoms strikingly simifar to actual
exposure to stressors (Baum & Paulus, Chapter 14,
this volume; Spacapan & Cohen, 1983). These antici-
pated stressor effects include performance afteref-
fects, physiological arousal, coping hehaviors, and
negative affect.

The social climate of a setting may also moderate
individual reactions to specific environmental stress~
ors. Three basic dimensions characterize the social
environments of most organizations. The relationship
dimension describes how involved individuals are in a
setting as well as the extent of social support offered
by that setting. The personal development dimension
deals with opportunities in a setting for personal
growth and self-echancement. The system mainte-
nance dimension refiects the degree of order, con-
trol, and clarity in a setting {Insel & Moos, 1974;
Kiretz & Moos, 1974; Meos, 1973). Unfortunately,
research on various environmental stressors has gen-
erally ignored the potent interplay of organizational
factors like social climate, work pressure, and role
structures with various physical stressors (McGrath,
1976; Zimring, 1982}. Hospital settings ilustrate the
importance of organizational factors as well in under-
standing influences of the designed environment on
behavior. The large and often sterile physical form of
hospital settings (e.g., bright lighting, tile floors and
walls) plus organizationa! policies (e.g., patient man-
agement strategies, physician status) may interact to
augment feelings of helplessness and vulnerability
among patients (Shumaker & Reizenstein, 1982). Fi-
nally, Ahrentzen and her colleagues have indicated
that the interactions of social climate variables with
physical {e.g , noise) and architectural setting (e g.,
open plan} variables are better predictors of student
behavior than either of these factors alone {Ah-
rentzen, Jue, Skorpanich, & Evans, 1982),

The critieal role of mediators in the environmen-
tal stressor-human reaction process reiterates the
importance of measuring and explaining human vari-
ation in response o aversive physical conditions. An
important task for environmental psychologists is to
uncover how the physical setting itself contributes to
these mediating processes.

15.5.2. Coping with Environmental
Stressors

It is clear that hurman beings are not passive respon-
dents to environmental conditions. We maintain a
dynamic transaction with our physical and social sur-
roundings that typically includes instrumental at-
tempts to achieve mastery as well as cognitive and
emotional equilibrations that enable us to accommeo-
date changing environmental conditions that are
more difficult to control instrumentaily (White, 1974).
Environmental stress researchers need to integrate
coping and adaptation concepts more fully into their
research and theory. We know, for example, that cog-
nitive efforts can mask, for at least short periods of
time, many of the negative effects of environmental
stressors like noise on task performance. It is only
when we carefully monitor tasks that demand consid-
erable copnitive capacity {Cohen, 1978; Evans,
1978b) or use aftereffects paradigms (Cohen, 1980;
Glass & Singer, 1972) that some of these short-term
aversive effects are manifested.

An intriguing question that the previously dis-
cussed pattern of results and others like them
suggest is: What are the direct effects of stressors on
human health and well-being, and what are the ef-
fects of coping with environmental stressors? The
gains and losses associated with coping with chronic
stressors are an important issue that is just beginning
to be looked at in the environmental stress field. As
noted earlier, some of the suspected effects of cop-
ing with chronic environmental stressors include

curnulative fatigue (e.g., aftereffects), overgeneraliza--

tion of learned coping responses {e.g., tuning out
neise), and physiological activation due to efforts to
maintain control or optimum functioning {e-g., reac-
tance behaviors or catecholamine activity) Personal
failures to cope with stressors adequately may cause
some persons to become susceptible to other con-
trol-related situations such as learned helplessness.
Continual exposure to environmental sources of
stress that are not responsive to instrumental efforts
may also lead to greater emotion-focused coping
such as denial, rationalization, or various defensive
reactions (Cohen et al., 1986).

Social support consists of the resources provided
by one's interpersonal relationships. Current research
on soctal support generally considers support to con-
sist of several dimensions, including the availability of
material aid (tangible support), the availability of
somecne to discuss problems with (appraisal sup-
port), the availability of others to compare oneself to
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(self-esteem support}, and the opportunity to engage
in social interactions with other people (belonging
support) (Cohen & Syme, 1985; Gottlieb, 1978;
House, 1981). While social support as a possible
stress buffering agent has been examined in occupa-
tional and medical settings as well as interpersonal
conflicts, to our knowledge the potential mediating
rele of social support in environmental sources of
stress has only been examined in one study Flem-
ing, Baum, Gisriel, and Gatchel (1982) found that
persons living near the Three Mile Island nuclear
plant reported fewer psychological symptoms when
they had persons available {o talk to about problems
than when they did not. Support was relatively unim-
portant for persons in nonstressed control areas. The
role of support processes in protecting persons from
stress may be especially interesting in relation to
crowding, noise, and temperature because of their in-
terplay with social relations. Crowding in particular
raises some intriguing questions for social support re-
search since members of a primary social support
system may also function under certain physical cir-
cumstances as a source of stress (Epstein, 1982;
Fvans et al., 1983) Noise might interact with the
close availability of others to provide support by inter-
fering with interpersonal communication. Heat and
air pollution can increase interpersonal attraction and
create empathy for others when they too are per-
ceived as suffering {rom stress (c¢f Retton, Barry,
Frey, & Soler, 1978).

15.5.3. Methodological Issues

In addition to the theoretical questions raised about
environmental stressers, there are several remairting
areas of concern in the environmental stress litera-
ture. We discuss several important methodological
issues in the following sections, which include indi-
vidua! differences, temporal parameters, multiple
levels and types of stressors, setting, measurement,
and theoretical concerns

Individual Differences

The search for mediators of the stressor-stress reac-
tion process was initiated early on by Lazarus and
others primarily because of individual differences in
response to similar aversive conditions. Soctal scien-
tists often view individual differences as nuisances
because they make theoretical work considerably
more difficult and contribute to the impression that
theories of human behavior are not scientific. Social
scientists may be relieved to learn that a similar situ-

ation exists for our biological colleagues interested in
environmental problems. The fact is that large indi-
vidual differences, some explainable, most not, are
the rule rather than the exception when examining
the relationship between heaith effects and expo-
sures to environmental toxins (Weiss, 1983). The
question of central concern is explaining individual
differences that are systematic. One issue in particu-
far that warrants further research is the concept of
vulnerability to stressors. Some individuals may have
lower or higher resistance to stressors in general,
whereas for others variable resistance may be stress-
or specific (Magnusson, 1982; McGrath, 1982). For
example, Kobasa argues that the individual charac-
teristics of hardiness inoculates some high-risk indi-
viduals (e g., business executives) from stress-
related disorders (Kobasa, 1975). Hardiness consists
of {eelings of commitment, the tendency to appraise
demands as challenging, and a sense of self-efficacy.
Children, the poor, the elderly, and institutionalized
persons may on the whole be more susceptible to
aversive effects of environmental stressors because
they have less control over stressors and may have
fewer coping resources to draw upon fo deal with
them (Cohen et al , 1986: Evans, 1978a; Sherrod &
Cohen, 1979).

Children, for example, appear to be more vulners-
ble than adults to negative consequernces from ex-
posure to residential crowding in measures of both
psychological and physical status (Evans, 1978a;
Saegert, 1981). Chiidren are also more reactive to re-
spiratory effects of air poliution (Evans et al., 1982)
The effects of early physical environments on the de-
velopment of social and cognitive competence are re-
ceiving increasing attention in the developmental
community (cf. Wachs & Gruen, 1982}, This recent
work continues a long tradition of research on critical
periods of development, which has focused on issues
lile the efects of insufficient physical stimulation or
social isolation during various restricted periods of
development on maturation processes (cf. Denen-
berg, 1972; Wohlwill & Heft, Chapter 9, thiz voi-
wne).

Research with elderly people also suggests great-
er sensitivity to physical surroundings (Lawton,
1980), particularly among institutionalized individu-
als. Orientation and way finding, building guality,
spaces for social interactions, privacy opportunities,
and security from crime have been identified as im-
portant dimensions of housing for senior citizens
{Rowles & Ohta, 1983; Schocler, 1982).

More specific stressor-related susceptibility may
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prove valuable for gaining some understanding of the
processes by which stressors influence people in dif-
ferent ways. Weinstein's (1978) and Iwata’s (1984)
research on noise-sensitive individuals is an example
of this approach. Other variables worth exploring are
controi-related phenomena like locus of control and
Type A behavior; stimulus seeking and screening
{cf. Mehrabian & Russell, 1974); quantity as weli as
variability of individual coping resources; previous
experience and other variables related to learning
and expectations about a specific stressor; and de-
velopmental, gender, and cultural factors.

Measurement

There are some inportant measurement implications
for research on environmental stress that follow
from the previous discussion of individual differ-
ences. Scaling of self-reports of stress is an area
that has received very little attention in the stress
literature in general Paper and pencil measures of
perceived stress, threat, annoyance, and 50 on in-
plicitly assume various underlying measurement
models. Before we can adequately understand what
variables predict annoyance or how perceived stress
interrelates with objective measures of the physical
environment to affect human health and behavior,
more psychometric work is needed to develop seif-
report scales that are reliable and valid.

As an example of this work, the Berglunds and
their colleagues have documented that survey mea-
sures of community annoyance to noise or malodor
can be dramatically improved by calibration proce-
dures When response criteria are established to a
common reference point when judging how anneying
a particular situation is, dose-response relationships
between the physical configuration (e g., sound level)
and annoyance are draratically better than are the
dose-response curves when the typical scaling ap-
proach is followed (e g, “Please rate how annoyed
you are where 1 = extremely little annovance and 7
= extremely annoyed.") (Bergiund, Berglund, &
Lindvall, 1875). These data suggest that earlier re-
search indicating low correlations between noise
levels and annoyance (Cohen & Weinstein, 1982) or
air pollution countent and annoyance {Barker, 1976;
Evans & Jacobs, 1982) may reflect both the absence
of meaningful conceptual components of the relation-
ship and poor measurement properties of the an-
noyance scates themselves.

Anocther reason that some measures of stress
have not been as sensitive as they may be is the
problem of range adjustment. Both the initial resting
value and the maximum possible value for a scale
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have strong influences on how one's reactions to a
given physical or psychological demand are scaled
(Borg, 1978; Wilder, 1968). For example, initial rest-
ing levels of various physiological indices correlate in
the .4 to .6 range, with difference scores between
the resting, control condition and reactions during
stress (Pittner, Houston, & Spiridigliozzi, 1983). Fail-
ure to make statistical adjustments for initial values
and range of effects renders many research designs
in stress work very inefficient for detecting effects.
This may also contribute to the generally low inter-
cormrelations found arnong various measures of stress

This problerm is particularly serious in between-sub-
jects designs.

Measurement issues also occur on the indepen-
dent variable side. Nearly all studies of the four en-
vironmental siressors discussed herein have used
two levels of the independent variable, consisting of
a control condition with little or no stressor present
{e.g., background noise levels or silence} and either
a moderate or a high level of the experimental condi-
tions {e.g., 75 dBA or 90 dBA). There are several
very important Hmitations of this state of affairs.
First, given the suggestive evidence of some non-
inear functions between stressor intensity and
human reactions such as found in heat and aggres-
sion, it is very important at a minimum to expose in-
dividuals in experiments to low, moderate, and high
levels of the environmental stressor. Second, the
concept of threshold, which predominates in epi-
demiological research on environmental health ef-
fects, suggests the presence of some minimum fevel
or range of a pollutant that is necessary for any
health effects to ocour. Low-level exposure to an en-
vironmental stressor, particularly for short time
periods, may yield ircorrect assumptions of no ef-
fects. It is important to establish some sense of the
threshold range of the various environmental stress-
ors in order to present properly various levels of
stressors in experiments

Temporal Issues

There are several temporal issues in stress research
generally that apply strongly to environmental work
(see McGrath, 1970a, 1982, for an excellent discus-
sion of temporal issues). The pioneering work of
Glase and Singer (1972) on stress aftereffects has
sensitized many researchers to the importance of
temporal factors in assessing stress reactions Mea-
surements of reactions in anticipation of, during, and
after the presence of a stressor are clearly war-
ranted, and can yield important insights into the
stress process. Looking at temporal issues from a
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more macro perspective, it is important to examine
environmental stressors under both acute and
chronic conditions. People who have to live with a-
versive environmental conditions undoubtedly devel-
op various coping strategies. Laboratory research on
short-term reactions to stressors can provide us
models of the effects of stressors that then need to
be examined under field conditions {Cohen et al,,
1980}, We also need to bring people experienced
with various stressors into the laboratory to see how
they respond to controlled presentations of various
sources of stress. Research on adaptation to air poliu-
tion, for example, has shown that people chronically
exposed to smog react in some systematically differ-
ent ways to lahoratory tasks {e.g., visual detection of
smog in pictorial scenes) than do residents recently
exposed to ambient air pollution (Evans et al ., 1982)
The issue of long-term adaptation to environmental
stressors has only been touched on by environmental
psychologists. We know very little about the physical,
social, or interpersonal processes that predispose in-
dividuals to become more or less sensitive to envi-
ronmental pollutanis over time (Campbell, 1983;
Wohlwill, 1974). We do not know what it is that
peopie do to cope successfully or unsuccessfully with
environmental stressors

Temporal parameters also influence measure-
ment. Various dependent measures of stress have
differential sensitivity over time to stressors. Uri-
nary catecholamine measures are responsive to
cumulative secretions of psychoendocrine hormones
over relatively Jong periods of time whereas plasma
catecholamine measures reflect momentary reac-
tions to stress. Moreover, physiological measure-
ments are often monitored continuously, whereas
self-report variables are usually summary reports
(Mechanic, 1978). Because different measures of
stress have different temporal characteristics, con-
vergence among multiple measures of stress may be
low when taken at one point in time.

Multiple Stressor Levels

A major question about multiple stressors concerns
the issue of examining the additive and multiplicative
effects of environmental stressors. From a concep-
tual perspective, the concepts of convergent and di-
vergent validity are very applicable here. If two or
more environmental séressors operate through some
similar mechanism (e g , arousal levels or interfer-
ence with contrel}, then there should be some mea-
surement convergence reflected by either parallef re-
sults between two different stressors or some addi-
tive effects when the two stressors are combined.
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Broadbent (1971), for example, reasoned that, if the
effects of noise were due to overarousal, experimen-
tal treatments that reduced arousal (e.g., sleep dep-
rivation, pharmaceuticals) should interact with noise
at least partially to cancel out its effects on task per-
formance . While Broadbent’s data were generally con-
sistent with his hypothesis, others have been less
successful in finding additive effects when combining
stressors that should each increase arousal (Finkel-
man, Zeitlin, Romoff, Friend, & Brown, 1679} At a
more general level, the issue raised earlier about the
degree of specificity {(¢f. Mason, 1975} or non-
specificity (cf. Selye, 1975) inherent in the stress
concept is embedded in this issue as well. The de-
gree to which individuals are vulnerable to stressors
in generai versus manifest stressor--specific vul-
nerabilities can also be examined by the analysis of
individual and multiple stressor effects

Both from a conceptual and a policy perspective,
research on multiple stressors is important because
of ecological covariation. Most sources of eaviron-
mental stress covary in the natural environment.
Crowding and noise, for example, or heat and air
pollution frequently fluctuate together in the natural
environment. From a policy standpoint we need to
know whether and how much stressors interact to
infiuence human health and well-being. Conceptually
speaking, important theoretical questions are raised
by suppression or amplification effects of interacting
variables (cf. Winkel, Chapter 3, this volume}. For
example, biologists have developed explanations
about the mechanisms of particle transport from the
observation that sulfur dioxide effects are amplified
by high humidity or the presence of ozone, a toxic
component of photochemical smog

Setting

Much has been written about the relative strengths
and weaknesses of laboratory and field research set-
tings (cf. Cohen et al, 1980; Patterson, 1877;
Stokols, Chapter 2, this volume; Winkel, Chapter 3,
this volume). Some of the concerns about settings
are very salient for work on environmental stressors

The issue of realism is one very critical concern. If
threat is ar important component of stress, then par-
ticipants' feelings about the validity of threat present
in an experimental setting are critical (Cohen, 198%;
McGrath, 1982). Most laboratory contexts minimize
threat because of the implied if not expilicit contract
between the experimenter and the subject that no
serious harm will befall him or her. Furthermore, ex-
perimental periods are usually of short duration and
subjects are told that they can exit from the situation
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at any time without penalty if they so choose. Thus
most laboratory experiments provide subjects choice
and some degree of control over aversive everts
{Gardner, 1978). On the other hand, some aspects of
laboratory settings such as physiological recording
equipment may also artificially increase threat or
aversiveress of the setting.

The problem of realism is also affected by task
variables. It is often difficult to simulate meaningful
tasks that may be affected by sources of stress. Fur-
thermore, as noted earlier, we typically have little
knowledge of the cognitive processes involved in
specific perfermance measures. This has prohibited
the development of 2 performance-based taxonomy
of tasks that would in turn allow us to assess, except
at the grossest level {e.g., whether memory is in-
volved), how particular tasks are refated to one
another. Reactivity may result from responses to
tasks that are viewed as trivial or unrelated to the
individual's concerns at work or in other realistic
performance contexis.

Field settings are not a panacea for all of the prob-
lems associated with doing research on stress in labo-
ratory environments. In the field one frequently has
a problem of mutual selection, wherein those who
could not cope well with a particular stressor have
left, whereas those remaining have developed good
coping resources to deal with the stressor (Cohen et
al., 1981; Mc(Grath, 1982) For instance, Cohen and
his colleagues found in a longitudinal study of airport
noise that individuals with the highest blood pres-
sures at time I were more likely to he absent from
the longitudinal sample, measured a year later. The
myriad of potential methodological problems in the
field should not be ignored, either, Self-selection of
subjects into the setting as well as attrition can raise
serious questions about causality Adequate control
groups can also be very difficult to construct.

Thus the issue is not one of the laboratory versus
the field situation, but rather one of determining
what factor(s} in each situation is important in in-
fluencing the stress and coping process. Stress re-
searchers can ask questions such as: Are differences
in length of exposure, perceived control (escape),
feelings of importance about the setting, and so on
likely to differ between the laboratory and the set-
ting in which a particular environmental stressor is
present? Probably the best methodological strategy
is to examine the effects of environmental stressors
in both field and laboratory situations Reliable ef-
fects of stressors can be carefuliy charted in the lab-
oratory and then validated under more natural condi-
tions, Field research can suggest certain dimensions
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of the stressor that appear to be important, and lab-
oratory work can rule out plausible rival hypotheses
that exist in the field (Cohen et al., 1980).

Because individuals will vary in their sensitivity to
various environmental demands, in the ways in
which they appraise them, and in personal coping re-
sources, stress will not invariably result when one or
more aversive physical characteristics are present.
Nonetheless, since stress is a function of environ-
mental demands and individual coping resources, it
behooves us to develop a more thorough description
and analysis of the physical and social components of
everyday situations that are likely to evoke the
stress and coping process
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