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Risk Perception and Symptom Reporting

Donald G. MacGregor'* and Raymond Fleming?

Received November 9, 1995; revised April 11, 1996

Public reaction to chemical technologies has included a perception that chemical exposure is a
contributor to human health problems. Though these perceptions sometimes correspond with tech-
nical assessments of chemical risks, at other times they do not. This paper presents a descriptive
model of the relationship between perception of one’s health status and a set of factors that are
used by individuals as part of causal reasoning about the meaning of somatic change. The model
incorporates both personal events and experiences associated with somatic change (e.g., stress,
sensory cues), as well as aspects of an individual’s social context in which perceptions of chemical
risks serve as a powerful framework for attributing meaning to chemical exposure. Within this
model, the causal inferences that people make about the effects of chemical exposure on symp-
tomatology are viewed as part of a natural, psychological adaptation in which the individual secks

to decrease their uncertainty about the factors or conditions that cause them to feel as they do.
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1. INTRODUCTION

Though chemicals are an important and ubiquitous
part of modern life, they are very often perceived by the
public as a significant contributor to human health prob-
lems, both acute and chronic. For some chemicals, these
perceptions correspond with the findings of technical
risk assessments, leaving both the public and the scien-
tific community in (relative) agreement about the haz-
ards of chemical exposure to human health. For other
chemicals, however, public perceptions are at odds with
the general views of the expert community. In these
cases, powerful psychological factors can lead to per-
sistent perceptions that exposure to such chemicals rep-
resents a danger and that stringent regulation or
withdrawal from the market is needed. The purpose of
this paper is to present a model of how perceptions of
chemical risks combine with psychological factors ef-
fecting people’s reasoning about causes of physical
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symptoms. Obviously, illness can occur from exposure
to some chemicals. In this paper, we assume that a
chemical in question has been demonstrated not to cause
physical harm, either acute or chronic. If this assumption

‘is invalid, then people’s perceptions of their health status

may, of course, reflect illness actually attributable to
chemical exposure.

The thesis of this paper is that illness perception
associated with exposure to chemicals can occur because
of psychological processes people apply in attempting to
understand and interpret physical experiences and
events. These processes are the same ones that are gen-
erally used.-by people to develop an understanding of
and derive meaning from the world around them. In the
case of chemical exposure, these also include processes
that are part of risk perception. Indeed, symptoms are
experienced within a psychosocial context that serves as
a powerful set of cues and organizing elements that pro-
vide both a meaning to the symptomatology as well as
a convenient and available framework for caunsal expla-
nations of symptoms. '

Figure 1 shows a general model that portrays the
relationship between a set of factors that lead to percep-
tion and interpretation of illness. We view illness per-
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Fig. 1. Model of the relationship between risk perception, stress, somatic change, and illness perception.

ception and interpretation as including both a
determination by an individual that they are ill, as well
as an explanatory framework that includes a causal
model for the illness. In this view, illness perceptions
are, in part, the result of a somatic change. Somatic
change can be in the form of symptoms, such as a head-
ache, achiness, loss of memory or other perceived bodily
condition that signals a departure from a personalized
norm of physical functioning. This somatic change could
be due to some underlying illness or physical condition,
such as a disease (e.g., cold, flu) or could be due to one’s
physical state (e.g., fatigue, jet lag). It can also be due
to sensory cues, such as taste or olfaction. Stress levels
can produce somatic change as part of a generalized ad-
aptation to environmental conditions.

Changes in somatic state give rise to illness per-
ceptions that are then interpreted in terms of cognitive
and emotional factors. In the present paper, these factors
are described in terms of risk perceptions, mental models
and affective evaluations that are associated with expo-
sure to chemical risks. Chemical risks occupy a unique
status in terms of their perceptual qualities. Compared
to many risks people face in daily life, chemical risks
are often associated with cancer, a particularly dreaded
health consequence. Furthermore, exposure to chemicals
is often viewed as either involuntary or not under the
individual’s control, leading to emotional and affective
arousal. And, finally, chemical risks are often judged by
lay people as relatively poorly understood both by them-
selves and by scientists, leading to high (and uncom-
fortable) levels of uncertainty about the meaning of
exposure and its consequences for an individual’s health.

The paper argues that interpretation of somatic
change is a natural psychological process. As part of that
process, lay people actively search for relatively simple
models to explain their physical condition, ascribing
symptomatic explanations to somatic changes for which
the underlying etiology is otherwise unknown. In a
sense, the interpretation of somatic change is part of a
more general pattern of psychological adaptation in
which the individual seeks to decrease their uncertainty
about the factors or conditions that cause them to feel
as they do.

2. PERCEPTION OF TECHNOLOGICAL RISKS
AND HAZARDS

The study of risk perception has been central to risk
management at least since the 1960s. At that time, risk
regulators were intensely concerned with the develop-
ment of risk-management strategies that were both con-
sistent and efficient in terms of economic principles and
sensitive to broadly held public attitudes about risk reg-
ulation. The search for suitable regulatory standards for
risk led to the examination of past risk decisions as a
basis for new management strategies. Motivated by the
question ‘‘How safe is safe enough?’’ early researchers
looked to quantitative measures of risk, such as expected
loss or cost per life saved as potentially solving the di-
lemma of what standards to set for new risks for which
there was little (or no) economic or regulatory experi-
ence. An early study by Chauncey StarrV of the Electric
Power Research Institute was of particular importance
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because it identified a set of factors that offered at least
an initial description of how nontechnical perceptions of
risk play a role in the relative level of societal resources
committed to reducing different kinds of risks. He noted
that fundamental differences existed in both the nature
and extent of regulation for voluntary activities com-
pared to involuntary ones. Particularly, Starr’s analysis
revealed that the level of risk the public is willing to
accept from activities it views as voluntary (e.g., skiing)
is approximately 1000 times greater than for risks it
views as involuntary (e.g., food additives), assuming the
same level of benefit. Starr’s ‘‘revealed preferences’’ ap-
proach was an attempt to show what has been tradition-
ally acceptable as revealed by past societal decisions
involving health and safety risks.

Starr’s work set the stage for what has become a
much deeper psychological examination of factors that
contribute to people’s judgments and perceptions of risk,
and the fundamental differences that exist between lay
perceptions of risk and those of experts. One of the ear-
liest psychological studies of perceived risk was by Fis-
chhoff, Slovic, Lichtenstein, Read, and Combs.® They
studied the relationship between a set of perceptual di-
mensions or ‘‘risk characteristics’” and lay people’s per-
ceptions of risk, benefit and level of risk acceptability
for 30 different hazardous technologies (e.g., nuclear
power, power mowers, motor vehicles), activities (e.g.,
hunting, police work, skiing), and substances (e.g., food
preservatives, pesticides, antibiotics). Acceptable risk
was found to be greater for voluntary risks than for in-
voluntary ones, reflecting the results of Starr’s studies.
Furthermore, acceptable risk levels were higher for risks
viewed as chronic (not catastrophic), common (not
dreaded), known to those exposed, known to science,
controllable, and familiar. Thus, relatively benign risks
from a perceptual standpoint were judged more accept-
able than were ones for which significant uncertainty
(e.g., unknown to science) or emotionality (e.g., dread-
edness) were associated.

The framework used by Fischhoff et al., for char-
acterizing nonexpert perceptions of risk has come to be
known as the psychometric paradigm, which itself grew
out of work utilizing psychophysical scaling and multi-
variate analysis techniques to produce representations of
attitudes and perceptions. Psychometric analyses of risk
are typically done by asking respondents, generally
members of the public or of some specific group of in-
terest, to evaluate a number of different technologies,
activities, or substances in terms of characteristics that
relate to the social context of risk. The resulting judg-
ments are then used to develop a characterization of the
set of risks in terms of (typically) two general, inde-
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pendent factors comprised of combinations of the larger
set of judgment or risk characteristic scales.

The results of one such study®® reveal two basic
factors at work in determining how lay people perceive
risk. One factor can be characterized as an emotional or
affective factor comprised of properties such as control-
lability, dreadedness, and potential for catastrophe. A
second factor relates to perceptions of uncertainty about
a hazard both by those exposed and by science. Thus,
risks having a high emotional or affective charge, ac-
companied by a relatively high level of uncertainty con-
cerning the state of one’s personal knowledge about the
hazard or the state of knowledge of scientists are of par-
ticular concern, and are likely to draw particular atten-
tion when, for example, they are reported in the media.®
Other studies of risk perception have shown that these
concerns relate strongly to protective behavior that peo-
ple take to either reduce their exposure to risk,® and to
people’s desire for risk regulation.”

3. PERCEPTION OF CHEMICAL RISKS

Of the 28 chemical exposure items (out of 81) in
Slovic et al.’s hazard set, including therapeutic drugs
(e.g., Valium, Aspirin), all but two chemical risks (D-
CON & Auto Exhaust CO) were perceived as having a
high to extreme degree of uncertainty. Over half of the
chemical items perceived as such also evoked a high
emotional or affective reaction as well, suggesting an
acute perceptual sensitivity to some chemical risks that
may lead as well to a heightened salience of information
about potential chemical exposures.

A closer examination of attitudes and perceptions
of chemical risks was undertaken by Kraus, Malmfors,
and Slovic® in a study of intuitive toxicology, the use
and interpretation of basic toxicological concepts and as-
sumptions by lay people as part of reasoning about the
hazardousness of chemicals. Their results point to highly
significant differences between expert toxicologists and
lay people in terms of their attitudes and perceptions
about chemical risks. Notably, lay people were much
more likely than expert toxicologists to infer health con-
sequences from a chemical exposure, regardless of the
actual size of the exposure. Furthermore, the public sam-
ple tended to view chemical risks as large and increasing
in size, justifying great expense to reduce the associated
hazards. These results suggest that chemical risks are of
particular importance to the broad, general public and
are likely to attract unusual attention when reported in
the media.
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4. MENTAL MODELS OF RISK PERCEPTION

While the psychometric paradigm has provided a
useful framework for conceptualizing the social contex-
tual elements that influence risk perceptions, it provides
a less detailed picture of how people reason about spe-
cific risks and how new information about a given risk
will be integrated into what they already know, believe,
or perceive. A more recent area of research that has
evolved along these lines has sought to improve our un-
derstanding of the mental models that people use to rea-
son and make inferences about risks.

The notion of a ‘‘mental model’’ was originally ad-
vanced by the Scottish psychologist Kenneth Craik® to
explain how the manipulation of internal representations
of reality were used in the course of thinking about the
world. In the words of Craik:

If the organism carries a small-scale model of an external re-
ality and of its own possible actions within its head, it is able
to try out various alternatives, conclude which is the best of
them, react to future situations before they arise, utilize the
knowledge of past events in dealing with the present and the
future, and in every way react in a much fuller, safer, and more
competent manner to the emergencies which face it.

The notion of a mental model as introduced and
conceptualized by Craik is very much in line with more
general theories of an adaptive or evolutionary psychol-
ogy in which the organism is seen as actively engaging
in processes that organize and interpret events in its en-
vironment.1%-12

Cognitive psychologists in the last two decades
have advanced the mental model concept as a theoretical
construct to account for the internal processes respon-
sible for understanding. Johnson-Laird,® for example,
has characterized mental models as ‘‘small-scale models
of reality”” or ‘‘mental replicas’’ that have functional
properties useful for guiding understanding and deriving
meaning from events in our world. Indeed, the processes
associated with understanding are so fundamental as to
operate at an unconscious level, such as that commonly
experienced with language comprehension and place
recognition.

Mental models are a primary mechanism by which
we construct explanations of events or experiences. As
such, they are comprised of a system of knowledge, at-
titudes, beliefs, impressions, and images.(>19 In essence,
mental models are cognitive tools that allow us to reason
and put in order what would otherwise be an incompre-
hensible and disorderly world. As such, they can be re-
garded as a psychological mechanism for reducing
uncertainty.
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However, mental models do not depend on their
accuracy for their usefulness. The degree of correspon-
dence between a mental model and the external world
of which it is (more or less) a facsimile need not be high
(or even existent) in order for the mental model to have
functional utility. Thus, people can derive (internally)
plausible explanations for events and experiences using
a mental model that bears a (relatively) low fidelity to
some other model, such as that of science®® or technol-
ogy.(®

The mental model construct has been very useful
in risk-perception research both for illuminating lay peo-
ple’s reasoning and understanding about technological
risks and hazards,(1”'® and for comparing the mental
models of lay people with those of technical experts. For
example, Maharik and Fischhofft*” used a mental model
approach to contrast expert and lay activist perceptions
of the risks and benefits of using nuclear energy sources
in space, such as to power interplanetary space vehicles.
They found that the activist model of nuclear risk con-
tained many of the same concepts as that of experts, but
the concepts were poorly (or not) integrated into an
overarching process model of how failure of an aero-
space system leads to individual radiation exposure and
health effects. Many of the concepts in the expert model
were simply absent from the lay model. Significantly,
the lay model did not include mention of any benefits
of nuclear power in space (though people were directly
asked the question), and none of the lay participants
stated explicitly that nuclear energy was the only way
to accomplish extended, deep space missions.

MacGregor, Slovic, and Morgan®® used the mental
model and psychometric paradigms to evaluate a specific
set of risk-communication materials developed to inform
the public about the potential health risks of exposure to
power-frequency electromagnetic fields (EMF). The risk
communication materials were in the form of a 16-page
brochure that discussed the scientific evidence and un-
certainty surrounding EMF health effects research,
including sources of EMF exposure, a comparison of
EMF with X-ray and microwave radiation, and the ef-
fects of radiation on DNA and cell tissues. Its review of
potential EMF exposure health effects included mention
of various biological mechanisms and health disorders,
including heart rate, reaction time, brain cancer, birth
defects, chronic depression, and neurological disorders.

The results of the evaluation showed that lay people
reading the brochure were highly sensitized to a range
of potential health effects of EMF, even though the bro-
chure explicitly stated that there was no evidence that
EMFs had such an effect (e.g., chronic depression). The
model that participants appeared to use to integrate the
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information in the brochure was based on the notion of
interference; whereby EMFs were seen as interfering
with the natural electrical activity of the body much in
the same way as a light dimmer might interfere with a
radio or cordless telephone. The interference model pro-
vided participants a powerful framework within which
to reason about a whole range of health effects for which
specific causes are unknown, but could conveniently be
inferred from the basic principles of the model (e.g.,
mental disorders, cancer, heart attacks). Though the bro-
chure was careful to point out that no firm conclusions
can be drawn at this time about the effects of EMFs on
human health and that scientists do not know of a mech-
anism relating EMF exposure to health anomalies, lay
people appear to have a model of their own that they
regard as a powerful and useful tool.

There are strong and compelling parallels between
the case of EMF and that of chemical exposures. Like
EMF, health effect studies of some chemicals have pro-
duced no confirmation that exposure results in either
acute or chronic illness in humans. However, the ap-
pearance in the media of an apparent controversy over
the possibility of health effects communicates to the
public a high level of uncertainty about the state of sci-
entific knowledge about potential health consequences.
That uncertainty may lead the public to attribute a range
of potential consequences on the basis of intuitive mod-
els of the meaning of chemical exposure. For example,
MacGregor, Slovic, and Malmfors®? studied the reason-
ing processes lay people use in making inferences about
the potential consequences of chemical exposure. They
found that people are highly sensitive to chemical ex-
posures of any size and tend to equate exposure with a
health effect, even when the exposure is extremely
small. Though half of the participants in the research
agreed that ‘‘there is an exposure level below which a
cancer-causing chemical does not cause cancer,”” men-
tioning any specific exposure level dramatically changed
their beliefs toward disagreement that such an exposure
does not cause cancer. Across a range of specific ex-
posures to a carcinogen, ranging from such behaviors as
‘“‘smoked one pack of cigarettes daily’’ to ‘‘walked
briefly in sunlight,”” judgments of exposure tended to
correlate highly with perception of risk, indicating that
exposure and health consequences bear an associative
relationship in lay people’s mental model of carcinoge-
nicity.

To a toxicologist, the determination of whether or
not (or to what degree) an individual (or population) has
been exposed to a chemical involves a complex assess-
ment of a chemical’s presence in a human or animal.
The conclusions of this assessment are highly condi-
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tioned on a number of factors, including measures of the
chemical in the environment (e.g., air, water, or soil),
assumptions about movement of the chemical through a
particular medium (e.g., air), the pathways by which the
chemical is taken into the body (e.g., inhalation, inges-
tion, skin contact), and resulting bioavailability of the
chemical. Potential interactions of the chemical with fac-
tors such as exercise, metabolism, excretion, use of con-
sumer products (e.g., pharmaceuticals), and diet are also
taken into consideration.®® Thus, exposure is a matter
of degree, determined by the interaction of a number of
variables that influence both the amount of a chemical
present in the body and its availability to exert a dis-
cemible toxicological effect.

However, lay models of toxicology and of chemical
risk are not only less complex, they are primarily com-
prised of beliefs, attitudes, perceptions, and impressions
that are loosely organized according to intuitive princi-
ples. Research in health psychology has found that sim-
ple models often underlie the causal associations or links
that people make between the experience of bodily states
and antecedent cues or conditions that people believe are
responsible for those states. For example, Baumann,
Cameron, Zimmerman, and Leventhal® found that giv-
ing people information about their health condition (e.g.,
elevated blood pressure) led to an ‘‘active cognitive
search process’’ for symptom patterns consistent with an
internal belief model of the physical states accompany-
ing that condition. Even when given information to the
contrary, people often believe that they are able to de-
termine, on the basis of experienced symptoms alone,
the presence of asymptomatic conditions such as hyper-
tension.®-29

Reasoning about symptom attribution on the basis
of relatively simple models of exposure could lead peo-
ple to believe that their perceived health status, as in-
dicated by the presence of commonplace symptoms, is
caused by exposure to a chemical perceived to be both
prevalent and hazardous. This may be particularly the
case when the chemical is perceived to pose carcino-
genic risks, thereby drawing additional salience. Indeed,
the mere hint that a chemical is carcinogenic (and that
one has been exposed) could lead to extensive cognitive
search for symptoms that are péerceived as indicative of
personal risk of cancer. For chemicals identified (in one
way or another) as posing cancer risks, any acute symp-
tomatology that occurs temporally contiguous with ex-
posure may be perceived as a sign or indicator that
permanent, chronic damage to one’s health is occurring
at a level yet too low to otherwise detect. Thus, people’s
common-sense representations or models relating chem-
ical exposure to symptoms and health effects can pro-
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vide them a convenient and readily available resource
for constructing explanations of their somatic experi-
ence, thereby reducing their uncertainty about the rea-
sons and causes underlying their apparent condition.

5. SCIENTIFIC UNCERTAINTY AND RISK
REASONING

Much of what people come to know about chemi-
cals (and risks in general) comes to them through the
media, and very often in the form of science report-
ing.@%?" Science, however, is by nature controversial.
Indeed, the hallmark of a vital and healthy science is the
presence of debate about the meaning of theory or the
appropriate conclusions about, for example, the risks
posed to humans by a miniscule exposure to a chemical
found to be toxic when administered to animals in ex-
tremely large doses. Conclusions, when they are forth-
coming, are almost always expressed in highly
conditional terms, or are qualified with the obligatory
scientific ‘‘may.”’ The use of probabilistic language very
often accompanies scientific conclusions, generally to
convey what scientists honestly believe to be true; that
nothing is perfectly safe and that everything cannot be
known.

To the lay spectator looking in at the scientific com-
munity, the high level of uncertainty present in science
can be both confusing and discomforting. Indeed, as was
discussed above, lay people are less comfortable with
risks to the degree they perceive the scientific commu-
nity as not understanding them.

Confusion can come about for several reasons.
First, scientific models are inherently complex. That
complexity serves science well by providing a frame-
work for an all-encompassing explanation of a phenom-
enon, such as the toxicity of a chemical. That same
complexity serves science poorly when placed before a
lay audience because it confronts the public with a mul-
tifaceted explanatory framework, with which they are
poorly prepared to deal. While for the scientist more
models and more complex models are viewed as an ad-
vancement in knowledge, to the lay person a dizzying
array of candidate hypotheses and explanations is re-
garded as a sign of ignorance and lack of knowledge on
the part of the scientific community.

When lay people judge that the scientific commu-
nity does not understand a risk, their tendency is to dis-
count scientific opinion and credibility,®® thereby
disbelieving scientific models in favor of personal the-
ories and intuitive notions of what a risk really is and
how, for example, exposure to a chemical leads to health
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consequences. Thus, a perception by lay people of sci-
entific controversy may lead to an increase in the con-
fidence they hold in their own intuitive mental models
of risk that may severely lack correspondence with tech-
nical or scientific models.

In a sense, the increased presence of science in the
media as an evidentiary process (e.g., a hypothesis under
test) as opposed to a base of facts about the world (e.g.,
the structure of DNA) has rendered many heretofore
simple concepts more complex. For example, in the not
too distant past asking lay people to explain why over-
weight people are overweight would have generally
yielded the explanation that they eat too much. A similar
question asked today might result in a range of re-
sponses, such as genetics, metabolic problems, psycho-
logical difficulties and lifestyle. Where lay people used
to have simple mechanisms for explaining chronic prob-
lems, now there are complex mechanisms. To the lay
person, nothing is simple in the scientific world and,
therefore, relatively little (if anything) is known. Expo-
sure to science, therefore, may increase the level of un-
certainty people have about risk and its meaning. The
imperative to reduce that uncertainty and understand the
events in their lives leads them, therefore, to frame
events in terms of relatively simple models for which
they have a personal base of experience and compre-
hension.

6. SPECIFIC DETERMINANTS OF PERCEIVED
ILLNESS FROM CHEMICAL EXPOSURE

What specific factors might cause people to believe
that chemical exposure has made them acutely ill and/or
has seriously damaged their health in a yet unrealized
way? First, symptoms generated by an illness such as
the flu may be incorrectly attributed to chemical expo-
sure. As discussed earlier in this paper, we view illness
perception and interpretation as including both a deter-
mination that one is ill, as well as an explanatory frame-
work for why one is ill. People actively search to
confirm relatively simple models for their physical con-
dition.®242 1t is also possible for the explanatory
framework to be in place prior to the determination that
one is ill. In the case of chemical exposure, the symp-
toms generated by a cold may provide confirmation of
a pre-existing explanatory framework suggesting dam-
age results from exposure to chemicals.

Second, people may experience somatic changes in
association with chemical exposure partly because they
expect to experience them.®%3V In particular, apprehen-
sion about the health effects of chemical exposure may
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manifest itself in greater awareness of common bodily
sensations. People may unconsciously amplify and in-
terpret otherwise vague sensations in accordance with
their expectations.

Anderson and Pennebaker®? provide a good dem-
onstration of the power of expectancies in shaping sub-
jective experience. They had participants place their
finger on a small piece of sandpaper that was attached
to a vibrator for one second. One group was led to be-
lieve that the experience might be mildly painful, while
the other group was led to believe that the experience
might be mildly pleasurable. Not only did study partic-
ipants rate their experience as pleasurable or painful in
accordance with the expectations they were given, but
none of the participants could imagine the experience
being perceived differently than they had experienced it.
That is, the ‘‘pain’’ participants could not conceive of
the experience as pleasurable and the ‘‘pleasure’’ partic-
ipants could not conceive of it as painful. Clearly, ex-
pectations focus attention on aspects of an experience
that confirm the expectation and influence how it is in-
terpreted.

The significance of psychological processes in
symptom perception is also well illustrated by the effects
of placebos, which are pharmacologically inert sub-
stances (such as sugar pills) or sham treatments (such as
gastric freezing) that are/were administered by health
professionals with positive (or negative) expectations for
their therapeutic effectiveness. Clinical evidence consis-
tently demonstrates that the power of a treatment often
lies in the patient’s belief in its effectiveness.®43 Illus-
trating this point, Roberts, Kewman, Mercier, and Hov-
ell®® studied outcomes for 6931 patients treated with
one of five discredited treatments (e.g., ethyl ether and
other organic solvents for the treatment of labial Herpes
Simplex Virus infection). They found that across the 26
studies reviewed 40.2% (N = 2784) of the patients re-
ceiving treatments later found to be ineffective showed
excellent somatic improvement and an additional 29.6%
(N = 2049) showed good somatic improvement. The
remaining patients (30.3%, N = 2038) showed no im-
provement or poor results. It is clear from this study that
nonspecific effects such as suggestion have a consider-
able influence on symptom perception.

The intriguing phenomena of medical student’s dis-
ease and mass psychogenic illness further illustrate the
role that psychological processes may play in illness per-
ceptions. In medical students’ disease, medical students
come to believe that they have or have had one or more
of the many disease indicators they are studying. As
many as 70% of medical students experience this phe-
nomenon at some time during their training.®**® Part of
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the explanation may be that the exotic diseases studied
share symptoms with more common ailments such as
colds or the flu. The deadly nature of the disease being
studied is salient to the student, and this can convey
greater potential for threat from symptoms they do ex-
perience. Hence, it is a common medical school expres-
sion that a second year medical student who hears
hoofbeats will often conclude that zebras must be ap-
proaching.

In mass psychogenic illness, large groups of indi-
viduals perceive symptoms that cannot be accounted for
by medical or environmental tests. Colligen, Urtes, Wis-
seman, Rosenteel, Anania, and Horung®” investigated
an apparent case of mass psychogenic illness that began
with a single electronics plant worker fainting. Before
the incident was over, 20 workers were taken to the hos-
pital and the plant was temporarily closed. No cause
could be found for the dizziness, headache, nausea, and
breathing difficulties reported.

Individuals who believe their health complaints are
due to chemical exposure, persons who experience mass
psychogenic illness, and medical students who develop
symptoms of the diseases they study typically experience
common sensations that are vague. Hearing about a case
of illness or learning health risk information focuses at-
tention on one’s own bodily sensations. In this regard,
Pennebaker®® provides evidence for the pervasiveness
of bodily sensations. He found that 79.6% of the 1286
college students he sampled reported at least some de-
gree of headache, watering eyes, racing heart, congested
nose, tense muscles, upset stomach, flushed face, sweaty
hands, shortness of breath, cold hands, dizziness, or ring-
ing in the ears ‘‘right now, at this moment.”” Similar
percentages (78%) of individuals have been found to ex-
perience symptoms such as headache, palpitations of the
heart, or dizziness in a national survey of adults.®b
These sensations may be given more importance than
they warrant and be misinterpreted as symptoms of ill-
ness.

Third, stress may also be involved in perceived ill-
ness following chemical exposure. William James®“? said
““A purely disembodied human emotion is a nonentity”’
(p. 452), contending that the revving of the body during
emotional strain, or stress, is reflected in a variety of
somatic responses. Although there have been numerous
theories attempting to explain emotion, virtually none
has contended that James’ statement is false. Walter B.
Cannon,“» for example, coined the term *‘fight-or-
flight’” response to describe the generalized, sympathetic
nervous system discharge which accompanies all emo-
tions. Discharge from the sympathetic nervous system
produces bodily sensations such as dryness in the mouth
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and accelerated heart and respiratory rates that have been
reported following chemical exposure. These sensations
are subjective in nature and can be readily misinterpreted
as indicating illness.“**» In addition, when people are
experiencing stress they may attend more closely to their
bodies. Thus, stress may precipitate somatic change or
make the experience of illness worse.

Whether physiological activation stems from stress
or any other source (e.g., caffeine, exercise), the sensa-
tions associated with bodily arousal can be misinter-
preted as symptoms of illness. For example,
Pennebaker“® describes a study conducted with Burnam
in which research participants either ran or walked on a
treadmill for 2 minutes. They then completed a symptom
questionnaire. Half of the “‘run’’ or “‘walk’’ participants
were casually reminded that ““this is the time of the year
when we are surrounded by cold- and flu-producing vi-
ruses and other illness-producing organisms.”” The re-
sults were striking. Only participants who were
physiologically activated (i.e., ran on the treadmill) and
who heard the remark about the cold and flu season re-
ported elevated symptoms on the questionnaire.

The ‘fight-or-flight’* (stress) response can be in-
terpreted differently, depending upon one’s perspective
and history. For example, Swedish paratroopers were
studied during the course of their training.“® It was
shown that both the instructors and the trainees experi-
enced great sympathetic nervous system arousal, or
‘“fight-or-flight,”” just prior to a jump. What
differentiated the instructors from the trainees was the
interpretation of their arousal. Trainees experienced in-
tense fear, while instructors interpreted their somatic re-
sponses as euphoria. Thus, the meaning of bodily
changes will be heavily influenced by an individual’s
mental model for an event. The mental model for the
trainees may include perceptions of threat and uncer-
tainty regarding the outcome, whereas the mental model
for instructors may include low threat perceptions and
an experientially validated positive outcome.

Psychological stress appears to be dependent on
perceptions of a lack or loss of control (or choice). Glass
and Singer’s“? monograph on urban stress has gone a
long way toward explaining the psychological impor-
tance of ‘‘perceived control’’ in stress reactions. In one
of their experiments, participants exposed to loud noise
(approximately 108 dbA) were run in two groups. One
group was informed that a button under the arm of their
chair could be used to terminate the noise if it became
unbearable (none of the participants pressed the button
to escape the noise). The other group was told nothing
about being able to terminate the noise. Both groups
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worked on fast-paced tasks while being exposed to the
loud noise. After termination of the noise, participants
were escorted to another room to relax. Participants’
ability to concentrate was then tested. The results clearly
indicated that the ‘‘perceived control’’ (escape button
present but not pushed) participants outperformed the
comparison participants on the concentration tasks. In
the case of chemical exposure, symptom perception may
be augmented to the extent that individuals believe the
chemical has been thrust upon them, leaving them with
no choice or recourse.

A subsequent study from Glass and Singer’s re-
search paradigm highlights the fact that research partic-
ipants’ perceptions are the critical element in stress
responding. Three groups participated in this “‘relative
deprivation’’ study. One group served as a control and
heard no noise. The other two groups heard exactly the
same noise (approximately 60 dbA), but one group was
told that their noise was much louder than the other’s
and the second group was told that their noise was much
softer. Research participants who thought they were ex-
posed to the louder noise experienced more stress and
performed more poorly on a concentration task than par-
ticipants who thought they were exposed to the softer
noise.

Fourth, somatic changes following chemical expo-
sure may be triggered by olfactory and visual cues.
Many chemicals carry a distinctive odor that may be an
especially potent trigger of somatic changes. This dis-
tinctive odor may produce symptoms in much the same
way as the fumes from someone’s vomit may elicit a
rapid gag response and even induce vomiting. Odors
produced by chemicals may be perceived as especially
harmful to health, augmenting somatic responses. In ad-
dition, visual cues (e.g., a label identifying reformulated
gas at a pump) may trigger somatic changes. Strong so-
matic changes to visual cues are not uncommon. (e.g.,
observing someone eat nasal mucous often provokes
strong somatic responses). Along this line, it is well
known that special projection techniques (e.g., Imax sur-
round screen), panoramic views from aerobatic aircraft,
looking down at the ground from hot air balloons or tall
buildings, wide-open views from the front of roller
coasters, and low-angle perspectives from formula race
cars can induce dizziness and nausea. The somatic
changes produced by some of these examples results
from visual-vestibular mismatch, while in other cases
(e.g., looking down from a ‘‘dizzying’’ height) the re-
sponse is more automatic.

In sum, in the absence of any toxicological evi-
dence, people can experience somatic changes they at-
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tribute to chemicals by interpreting symptoms of illness,
somatic responses to stress or other sources of arousal,
and vague bodily sensations in accordance with negative
health expectations. In addition, sensory triggers may
‘‘automatically’’ provoke somatic changes in association
with exposure.

7. DISCUSSION

The model presented in this paper suggests how
people’s perceptions of being ill are driven by multiple
factors associated with interpretation of somatic change.
Some of these factors relate to very personalized events
or conditions, such as stress, and others relate to gen-
eralized events, such as perceptions and expectations
about the potential for new chemicals or technological
change(s) to produce harm.

The links between individuals and environmental
events are very strong, and play a significant role in
attributing meaning to somatic changes for which causes
are otherwise unknown. Urgency for personal construc-
tion of (causal) relationships between physical events
and environmental conditions arises for two reasons. The
first is the powerful imperative to protect one’s health
and safety, a primary human motivation. Only by estab-
lishing causal links between somatic experience and en-
vironmental conditions can one take meaningful and
effective actions toward reducing hazards to personal
health. It is difficult to imagine the evolutionary advan-
tage of doing otherwise. The second is a fundamental
human tendency to understand and interpret both phys-
ical and psychological experiences in terms of internally
consistent models of reality. Such models serve as a ba-
sis for making judgments about the causes or reasons,
for example, that one may be ill or experiencing a so-
matic change. These processes serve people well by sig-
naling the potential presence of health and safety threats
in their environment, and are a natural part of human
cognition and emotionality. In this sense, intuitive mod-
els that relate chemical exposure to personal health
status are neither misguided nor unwarranted.

For research in illness perception, this model may
lead to a deeper understanding of the role that public
perceptions of technology play in people’s assessments
of their personal health status. For example, it suggests
that studies of symptom reporting in response to chem-
ical exposure should include respondents’ perceptions
and models of chemicals and their hazards. Such data
would yield a more complete account of how illness per-
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ceptions are influenced by, for example, media reporting
of chemical technologies.

This model also has implications for research on
risk perceptions and public attitudes about technology.
A link between illness perceptions and broad risk per-
ceptions suggests that there may be behavioral implica-
tions that may have significant social costs. If, for
example, chemical risk perceptions lead to symptom in-
terpretations that influence intentions or tendencies to
seek advice from medical professionals, then risk per-
ception research may provide a partial framework for
predicting changes in health care costs associated with
some types of technological change. More research is
needed on mental models of chemical exposure and their
expected effects on somatic change and illness percep-
tion. It is important to ask whether people perceive acute
effects of exposure as an affirmation of chronic problems
yet to come, and if the perception of acute symptoms
change depending on the potential for (and nature of)
chronic effects. For example, if people are made aware
of the potential for a chemical to be carcinogenic, how
does that influence their perception and interpretation of
acute effects such as a headache or nausea that co-occur
with chemical exposure?

Many factors can influence the public’s reaction to
a chemical product, including its performance and the
costs associated with its use. One important considera-
tion in accounting for public perceptions of chemical
risks is the level of distrust that the public holds for
government and industry.“®*” Distrust can translate into
a high level of uncertainty and a deep skepticism (and
even cynicism) about the degree to which chemical
products are, for example, adequately tested and prop-
erly regulated. With sufficient distrust, no level of risk
is accepted and no demonstration of safety is believed.
For regulators of technology, the challenge is to develop
and maintain a cooperative and trusting atmosphere
within which chemical technologies can be introduced
and their benefits realized, while minimizing uncertainty
about personal health and safety.

The central role that health and safety concerns play
in people’s lives leads them to adopt psychological strat-
egies that are attuned to early recognition of the potential
for harm. While sensitivity to dangerousness is a valu-
able resource in many more situations than not, it pres-
ents difficulties for social decisions about chemical
technologies. These difficulties are perhaps best dealt
with by acknowledging the adaptive utility of such strat-
egies as presented in this paper, and by further research
on how such strategies can inform and be informed by
the science of technical risk assessment.
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