A Risk Perception Analysis: Toxicology Education, its Effect on Quantitative Judgements of Risk, and the
Influence of Demographic Variables.

By

Daniel J. Carlson

Submitted to the Graduate Faculty of
North Carolina State University
in partial fulfillment of the
requirements for the Degree of
Master of Environmental Assessment

Raleigh, North Carolina

2015

Approved by Advisory Committee:
Dr. Stephen Graham, Committee Chair
Dr. Linda Taylor, Committee Member

May 09, 2015



© Copyright 2015 Daniel J. Carlson

All Rights Reserved



Abstract

Carlson, Daniel. A Risk Perception Analysis: Toxicology Education, its Effect on Quantitative Judgements
of Risk, and the Influence of Demographic Variables.

In order to study the influence of education on risk perception, particularly in toxicology with a focus on
risk assessment, a survey was administered to 14 classes of undergraduate students at North Carolina
State University before and after completing an undergraduate general education requirement course,
Toxicology 201: Poisons, People, and the Environment. The multi-year surveys asked registered students
to rank 10 activities, on a scale of 1-10, on their perception of the risk associated with them. Analysis of
those survey results determined students’ relative changes in risk perception across each activity as a
result of having taken the course, the influence of demographic characteristics (e.g., education and
gender) on their overall risk perception, and the magnitude of the changes and inherent differences in
risk perception. Statistical significance of changes in risk perception was determined by utilizing sign tests
on pre- and post-survey data while statistical significance of differences in risk perception between
demographic variables (e.g., males vs. females) was determined by utilizing Mann-Whitney U tests on pre-
survey data. Results found a combined statistical and practical significance in the change in risk perception
for all students with two of the activities - smoking tobacco products and living within 5 miles of a nuclear
power plant; after completing the course, the former was ranked as more risky and the latter was ranked
as less risky. Demographic variables were weak influencers of changes in risk perception, as risk ranking
changes amongst the demographic variables studied were very similar to the overall risk ranking changes
amongst the entire group of students. There was generally little variability in differences in risk perception
between demographic variables and Mann-Whitney U tests were unable to establish statistically
significant differences between risk rankings; despite this, certain differences were large enough to
suggest a real affect, particularly when they were aligned with hypotheses supported by previous studies
in risk perception, such as with the apparent difference in risk perception between men and women for
the living within 5 miles of a nuclear power plant activity. Overall, the educational treatment was
indicated as effective for changing risk perception for select activities related to toxicological hazards, and
while demographic variables were weak influencers of changes in risk perception following the treatment,
they suggested at inherent differences in risk perception that may be more apparent with additional

study.
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INTRODUCTION

Overview of Risk Perception

In relation to one’s health, risk can be defined as the likelihood of harm being realized as a result of
exposure to a hazard (Health and Safety Authority, 2015). Risk can be quantified as a probability via
different methods; one method involves comparing demographic data to incidents of harm over a period
of time such as that performed by actuaries, and another method uses modeling that may incorporate
additional variables such as the frequency and magnitude of exposure to a hazard. The former method
can be used to calculate the risk of harm to any individual within a population from an accident associated
with a physical hazard, with an example being the 1 in 112 lifetime risk that any American will die in a
motor vehicle accident. The latter method can be used to calculate the risk of harm to a specific individual
from a chemical or radiological hazard while additionally accounting for variables such as dose of
exposure, with an example being the estimated 1 in 10,000 lifetime risk that an adult human will develop
cancer should they continuously breathe air containing 13.0 to 45.0 micrograms per cubic meter (ug/m?3)
of benzene (NSC, 2014; EPA, 2014a). Dose-response modeling of toxicological risk is used in developing
permissible exposure limits for regulatory agencies; for example, the U. S. Environmental Protection
Agency (EPA) enforces concentrations of any given chemical in public drinking water to under its
respective maximum contaminant level (MCL), which is a concentration deemed de minimis (trivial), and
generally corresponds to an increased carcinogenic risk over a lifetime of 1 in 1,000,000 at continual
exposure to that MCL concentration (EPA, 2014b). In general, that particular de minimis risk level was

borne out of U.S. Supreme Court discussions of occupational exposures to benzene (IUD, 1980).

While it may be thought that once the risk of any given activity is quantified, that one would be concerned
with that activity relative to the actual risk, risk perception has been found to be multi-dimensional. The
accumulation of research on risk perception since the 1960’s has found risk perception to be influenced
by a number a factors, from demographic characteristics such as education, gender, culture, and ideology;
to subjectively perceived characteristics of the risk such as voluntariness, controllability, and naturalness;
as well as a cognitive tendency for humans to shape our belief about a risk in accordance with our values
(Klaassen and Watkins IIl, 2003; Kraus et al., 1992; Maldonato and Dell’ Orco, 2011; Sjéberg, 2000; Slovic,
1987; Slovic, 1999; Sund, 2010).



Arguably the most influential theory within the field of risk perception is the psychometric paradigm,
which has been instrumental in discovering the subjective characteristics that individuals unconsciously
assign to any given risk. The beginnings of the psychometric paradigm were first developed by Chauncey
Starr, a physicist and electrical engineer who was a proponent of nuclear energy and a leader in the
research and design of nuclear power plants in the 1960’s. Starr recognized the inadequacies of purely
guantitative risk comparisons relative to annual fatalities as a means of risk communication and that there
was strong public unacceptance to nuclear power plants despite the very small risk of a nuclear reactor
meltdown. While researching how specific characteristics of technological risks factor in to their
acceptability, he found that the degree to which a risk was perceived as voluntary or as having societal
benefit was correlated with increased acceptance of that risk. Since the 1970’s, that aspect of Starr’s
research relating to the perceived characteristics of a risk has led to the theoretical framework of the
psychometric paradigm being more fully developed by researchers such as Paul Slovic, a psychology
professor at the University of Oregon and a leading theorist in the risk perception field. Slovic and others
have implemented the psychometric paradigm in order to quantify how risk perception varies amongst
different populations and against a diverse group of subjective characteristics. By distributing surveys
amongst subsets of populations and asking them to numerically rank a series of activities and technologies
on a relative scale from least to most risky, the relative perception of risk among the categories can be
compared between groups. The crux of the psychometric paradigm then involves an additional surveying
method that asks participants to numerically rank subjective characteristics of the risk (e.g.,
“voluntariness” and “newness”) posed by each activity and technology on an absolute scale in order to
assess how each characteristic influences the risk perception of each category (Siegrist et al., 2005; Slovic
et al., 1979). Further, most risk characteristics are found to be sufficiently related to be combined into
common factors, such as the degree to which an activity or technology was perceived with a sense of
dread and novelty, and through multifactor analysis of the interrelationships among the risk
characteristics, activities and technologies can be plotted on “cognitive maps” for a visual representation
of risk perception. (Slovic et al., 1985). While aspects of the psychometric paradigm have been criticized,
particularly it’s ability to answer how and why risk perception varies on an individual level rather than in
groups, this has been debated at length and will not be discussed further (Siegrist et al., 2005; Sjoberg et
al., 2004). Of primary importance to this paper in regard to the psychometric paradigm is the survey
method that asks participants to rank hazards on a relative scale from the least to most risky, as this survey

technique was utilized as the method of data collection for the subject study.



By surveying different groups according to education and professional experience, numerous studies have
demonstrated that groups of “experts”, chosen for their specialized knowledge in one or more of the
activities being analyzed, perceive the riskiness of activities closely to the statistical risk of fatality
associated with them, more so than laypersons (Klaassen and Watkins Ill, 2003; Slovic et al., 1985; Starr,
1969). The differences in rankings given by experts versus (vs.) laypersons is more than simply a knowing
of the real probability of harm that the risk poses, as has been demonstrated in studies that show even
when laypersons are very close in their statistical estimation of the actual threat to life that a hazard
presents, their quantified perception of “riskiness” doesn’t always correlate with their statistical
understanding of that real risk (Rodricks, 1992; Schmidt, 2004; Slovic, 1987). That finding is further
illustrated by a survey that asked a sample of the general public if they agreed or disagreed thata 1 in 10
million lifetime risk of getting cancer from exposure to a particular chemical was too small to worry about
and approximately one third of the participants disagreed (Kraus et al., 1992). Such studies within the risk
assessment literature often portray a dichotomy between experts and laypeople, representing experts’
risk perceptions as more correct than laypersons’ risk perceptions, which are inferred to be irrational and
heavily influenced by subjective perceptions of risk. That inference may often be true, but risk perception
is inherently subjective by any individual regardless of their background or education, and it has been
demonstrated that experts can also be susceptible to cognitive biases and qualitative risk characteristics,
partly dependent upon their individual worldviews (Sjoberg et al., 2004). The cultural context in which
one assesses risk must be taken into account as this has additionally been shown to influence risk
perception (Douglas and Wildavsky, 1982; Park and Kim, 2014). The riskiness of an activity or technology
(particularly for technologies) therefore can be understood to be interpreted differently amongst
individuals, on terms separate from or in addition to the perception of receiving personal harm from said

activity or technology.

The phenomenon of “probability blindness” can be seen in the previously discussed example of a study
that found one third of the general public to be worried about a 1 in 10 million lifetime risk of getting
cancer from exposure to a particular chemical (Kraus et al.,, 1992). Thought of from an alternative
perspective, if the participants had been informed how eating 4 tablespoons of peanut butter increases
the lifetime risk of getting liver cancer by 1 in 10 million due to the consumption of naturally occurring
aflatoxin from fungus in peanuts [assuming U.S. Federal Drug Administration (FDA) maximum permitted
levels of aflatoxin], it seems unlikely that as many people would consider this as a risk worth worrying

about (Wilson, 1979). In this way, relative risk comparisons can be a powerful tool to combat aversion to



risks of relatively small concern or to conversely bring further consideration to risks that may have
previously been underestimated. The degree of worry associated with hazards posing negligible increased
carcinogenic risk can perhaps be further enlightened if one considers how the baseline lifetime risk of
cancer is approximately 1 in 2 for males and 1 in 3 for females. Another risk comparison, which may be
used to quell fear of radiation exposure from living within the vicinity of a nuclear power plant, is the 0.1
microsievert (uSv) typically received annually from anthropogenic radiation for any person living within
50 miles of a nuclear power plant to either the 260 uSv or 630 uSv typically received annually from natural
cosmic radiation for any person living at the elevation of sea level or the Colorado Plateau area,

respectively (ANS, 2015).

Differences in risk perception between experts and the general public are not inherently problematic and
often depends on how one defines “risk.” However, when an individual’s perception of a risk associated
with an activity or technology conflicts with the consensus of opinion among experts as to the real risk it
poses, in a way that causes that person to improperly analyze the risks vs. the benefits, or if a person
irrationally perceives a risk on the extreme end of either worry or indifference (i.e., probability blindness),
that individual may make decisions that inhibit personal or societal progress, or in extreme cases,
ultimately cause harm or death to themselves or others. For example, a study examined the significant
decrease in Americans flying on commercial airlines vs. the simultaneous increase in interstate highway
travel during the year following the September 11, 2001 terrorist attacks, and found that this trend caused
an additional 1,500 highway fatalities when compared to baseline highway fatalities of previous years. In
this way, the apparent increased perception of risk associated with flying on commercial airlines was
directly responsible for more fatalities than the total number of individuals who died on the commercial
airlines that were hijacked by terrorists on September 11* (Gigerenzer, 2006). Non-compliance with
vaccination policies is an example of how a misguided risk-benefit analysis can be damaging on a societal
in addition to an individual level. The risk of a significant adverse reaction from receiving most vaccines
is de minimis (often 1 in 1,000,000), but chemophobia associated with insignificant amounts of certain
chemicals in vaccines, often due to misinformation stemming from an incomprehensive understanding of
the toxicological risk they pose, can result in opting out of vaccination. For each individual that opts out
of vaccination from a preventable disease in turn, this weakens the herd immunity of the entire
population, putting those individuals who either cannot receive the vaccination due to medical reasons
or for whom the vaccine does not work (vaccines are not 100% effective) at an increased risk of

contracting said disease. The level of vaccination needed to maintain herd immunity varies per disease



but generally ranges from 83% to 94%; should momentum be gained in the anti-vaccination movement
and vaccination rates fall below these levels, exponential increases in preventable disease and death may
be observed in society (May, 2005). Effective risk communication between experts and the general public

is therefore essential for the health and safety of today’s society.

Toxicology and Risk Education
Since the beginning of the industrial revolution, synthetic chemicals have changed the landscape of our

world, as they have been directly exposed to humans as useful products (e.g., aspirin), indirectly exposed
to humans and the environment as solid, liquid, and airborne byproducts and waste, and also directly
exposed to the environment as a means to control nature around us, such as with the use of pesticides.
During their widespread proliferation, humans and the environment have often suffered as a result of
their toxic effects. As knowledge of chemicals’ toxicities increased however, so did subsequently public
and government concern, which in turn has led to regulations such as those enforced by the EPA and the
FDA that protect human health and the environment from harms associated with chemical exposures.
Through an accumulation of toxicological and epidemiological data combined with dose-response
modeling, experts have refined over the years the risks posed by certain chemicals and acceptable
exposure limits. Regulatory agencies readily acknowledge uncertainty and variability present within the
risk assessments that determine permissible exposure limits, and on occasion, err on the side of caution
by employing conservative assumptions in estimating exposures and risk to develop standards that

provide an adequate margin of safety against chemical hazards (EPA, 2004).

While exposure to synthetic chemicals is a legitimate concern within modern society and the nature of
scientific knowledge always carries some uncertainty, it is unrealistic to hold extreme worldviews that
exposure to any synthetic chemical is inherently bad or that exposure to a chemical with an extremely
low risk of causing harm is unacceptable. Chemicals have the ability to do harm to the body whether they
are synthetic or natural, and as the central principle of toxicology was first expressed by Paracelsus in the
16™ century, it is “the dose that makes the poison.” While it may be intuitive to think that chemicals of
natural origins are inherently safer, the most toxic chemical known to mankind, Botulinum toxin type H,
is not only natural but is millions of times more toxic than the most toxic chemical ever produced by
humans, polychlorinated dibenzodioxins (commonly referred to as dioxins) (Barash and Arnon, 2014;
Snyder, 1992). While dioxins are in fact a significant environmental contaminant that adversely affect
human health and the environment and are by no means trivial, that comparison is meant to illustrate

the significant toxic potential of natural substances that can be easy to overlook. The ubiquity of exposure



to natural chemicals is also apparent in that 99.99% of the total mass of dietary pesticides consumed by
humans are produced naturally within plants. Of the natural pesticides that have been studied, whether
natural or synthetic, approximately half of them have been found to be carcinogenic to rodents in high
doses. For example, of the 1,000 natural chemicals identified in roasted coffee, only 30 have been tested
for carcinogenicity and 22 of those 30 had tested positive in at least one test, including caffeic acid and
catechol (Gold et al, 2001). While rodent carcinogenicity is not necessarily indicative of human
carcinogenicity and this singular testing of natural chemicals does not account for possible synergistic
effects of the many other chemicals present in any given food item, this discussion is meant to emphasize
the fact that there are likely many thousands of common natural chemicals that may increase the risk of
getting cancer that are currently unknown to science. It should also be noted, that despite any potential
increase of carcinogenic risk posed by natural chemicals from the consumption of plants, this risk would
be overshadowed when consuming fruits and vegetables in particular, which have been shown in
epidemiological studies to decrease the risk of certain cancers (Soerjomataram et al., 2010; WCRF/AICR,

2007).

As discussed, simply knowing the risk of harm from a hazard quantitatively is not always adequate in
making a rationale decision in relation to it. Taking into account the influence of psychological and social
variables, education must still be a significant factor in risk perception however. It has been consistently
shown in research utilizing the psychometric paradigm that risk perception between the general public
and experts can vary greatly, experts who intrinsically have a significantly higher level of education
(Klaassen and Watkins 1ll, 2003; Slovic et al., 1985; Starr, 1969). An assumption can be made that
education in the process of risk assessments and in the technical information used to perform risk
assessments should strengthen trust in the outcomes and in the decisions and/or regulations that are
based upon them; for example, understanding how uncertainties in current scientific knowledge are
incorporated into risk assessment modeling in order to provide conservative estimates to ensure the
protection of human health. Additional examination of how level of education as a demographic variable
influences risk perception has been explored by Kraus et al. (1992), who showed that college-educated
respondents to a survey were less likely than respondents without a college education to agree to the
following two premises: (1) there is no safe level of exposure to a cancer-causing agent, and (2) worries
about pesticides should depend only on whether or not one was exposed at all. This supports the notion
that higher education can contribute to a more realistic understanding of the ubiquity of chemicals in our

environment and of the risks associated with them. While these studies are telling in that the level of



education as a demographic variable provides a significant influence on risk perception, they do not test

any educational treatments that may specifically influence risk perception.

Of the relatively few studies that assess educational treatments on risk perception, those that do typically
employ the use of a survey or test before and after the treatment, in order to evaluate alterations in risk
perception as a result. Covitt et al. (2005) used an experimental design in this way to evaluate Focus on
Risk, an instructional module for educating high school students on risk literacy associated with
environmental hazards. The module was distributed to high school teachers to teach to their students,
but before teaching the material, students completed a fairly comprehensive test consisting of varying
formats of multiple-choice questions. The test evaluated their knowledge of the risk assessment process,
risk attitudes, sense of personal responsibility to manage risks to human health and the environment, and
perceptions of control for managing risks to the environment. The final data set from the study consisted
of 532 matching pre- and post-tests from students in the experimental group that were taught the module
and of 390 matching pre- and post-tests from students in the control group that were not taught the
module. The results suggested that teaching Focus on Risk to students had a modest increase in students’
understanding of risk assessment, perception, communication, and management, but that it did not seem
to increase students’ sense of personal responsibility or perception of control in terms of managing risks.
One interesting and potentially troubling result that was not discussed by Covitt et al. was in relation to
risk attitude. Results indicated there was not a statistically significant difference between the treatment
and the control group for level of agreement with the following statement, “experts make better decisions
about how to manage risks than lay people,” and the level of agreement across both groups for that
statement was discouragingly low with a mean score of approximately 2 out of 5, with 5 being the highest
level of agreement. Trust in experts’ decisions based on risk assessments should have increased in unison
with students’ increased knowledge of the risk assessment process as they completed the module but
that apparently did not occur. In fact, when the results were subdivided further into three groups;
consisting of the control, students that completed part of the module, and students that completed all of
the module; the level of agreement with that statement was inversely related to the level of completion
of the module, with the mean score found to slightly decrease as more of the module was completed;
from 2.21, to 2.16, to 2.07, respectively. This finding suggests that the learning material within the module
was fundamentally insufficient and potentially even counterproductive at improving trust about how
experts manage risks and it illuminates the need for improvements to the module and risk education in

general.



In light of some of the discouraging results shown by Covitt et al. (2005) on improving aspects of risk
perception, it can be reasonably hypothesized that education in risk literacy may benefit from a more
comprehensive understanding of the subjects on which risk assessments are being completed. The
purpose of the subject study associated with this paper is to examine if teaching students a toxicology
course, that provides a substantial knowledge base of the basic concepts of toxicology in addition to how
its practice is applied to risk assessments, influences their risk perception associated with select activities,
particularly those related to chemical or radiological hazards. In addition to analyzing the change that the
course has on students’ risk perception, underlying influences of demographic variables such as gender

and field of study can be examined.

METHODS

Participants and Treatment
Between the fall of 2004 and the spring of 2008, Dr. Stephen Graham of North Carolina State University

taught Toxicology 201 — Poisons, People and the Environment, to a total of fourteen classes of
undergraduate students, with each class being taught over the course of a semester (some semesters
having two sections). The course explained the basic concepts of toxicology (e.g., adsorption, metabolism,
and elimination of toxicants), provided comparisons of risk probabilities, and explained the risk
assessment process used by experts to establish regulatory controls for protection against hazards.
Critical to the instruction was explaining the role exposure or contact has in the linking of a particular
activity with an adverse health outcome. As part of scientific reasoning that was additionally taught, the
instructor strongly encouraged students that when they are presented with any single piece of
information regarding a health risk, they should methodically ask questions, distinguish between ideas
based on emotion vs. those founded in knowledge or fact, and then seek multiple sources of information

before drawing conclusions.

Data Collection
Students were given an identical survey at the beginning and the end of the course, asking them to rank

10 activities on a scale of 1-10, based on their personal perception of risk associated with each, with 1
being the most risky and 10 being the least risky. The activities listed were related to widely known
hazards that students would already have preconceptions of prior to taking the course. Half of the
activities listed on the survey were related to chemical and radiation hazards relevant to the study of

toxicology, while the other half were primarily related to physical hazards. Gender was among additional



information requested by students on the survey but due to that data having been lost, the gender of
each student for this study was inferred upon analysis of their first and middle names. Students’ class,
major, type of degree, and college program associated with their field of study was obtained from the
course administrative files. Students were separated into two groups according to their majors, those
associated with the natural sciences (e.g., biology, chemistry, environmental, physics, etc.) and all others.
The syllabus for the course is presented in Appendix A and a copy of the survey is presented in

Appendix B.

Hypotheses
It was hypothesized that after taking the course, students’ relative perceptions of risk associated with

each activity would reorganize more towards the “real” risk posed by each activity, as will be defined in
this study by the statistical chance of either death or developing cancer. It was thought that this would
be particularly true for those activities related most directly to chemical and radiation hazards (e.g., living
within 5 miles of a nuclear power plant, smoking tobacco products, agricultural pesticide usage, an x-ray
of your chest, and consumption of alcoholic beverages). Given the overall course content, and making
general assumptions as to a laypersons relative sense of riskiness between those activities, particularly
that people may overestimate risk associated with living near nuclear power plants and pesticide usage
and underestimate risk associated with consuming alcohol and smoking tobacco products, it was
hypothesized that risk perception would decrease for the former two activities and increase for the latter

two activities.

The demographic variables chosen for comparison and analysis were females vs. males, natural sciences
majors (“science majors”) vs. all other majors (“non-science majors”), and freshman vs. seniors. Those
variables were chosen for comparison because they were apparently the most contrasted of the variables
available and it was therefore believed that they were most likely to provide significant differences in risk
perception. For comparison of females to males, it was hypothesized that females would have relatively
increased perception of risk for the living within 5 miles of a nuclear power plant activity, as the risk
perception literature has repeatedly shown that females tend to perceive risks associated with nuclear
technologies as higher than males (Barke et al., 1997; Davidson and Freudenburg, 1996; Slovic, 1999).
Science majors were chosen under the assumption that they would have more knowledge on certain
toxicological-related activities within the survey (e.g., agricultural pesticide usage and living within 5 miles
of a nuclear power plant) than non-science majors; it was hypothesized that science majors would

perceive risk associated with these toxicological-related activities more aligned with the real risk posed



by them. For comparison of freshman to seniors, it was hypothesized that seniors would have perceptions
of risk more closely aligned with the real risks of all the activities, assumedly due to their higher level of

education and greater likelihood of an enhanced knowledge base.

Data Management
Complete student and survey data was available for 13 of the 14 classes in which it was distributed, as the

raw survey data from the spring 2005 class could not be located. Students having names that were not
clearly identifiable as either male or female (i.e., unisex names, such as Casey) were not classified as either
gender and were excluded from that demographic analysis. The educational demographic data obtained
from North Carolina State University (e.g., class and major) was not complete for all students; therefore,
the total number of students was not equal between demographic variables as a result of select data
missing from select students. In this study, survey data was excluded entirely if 1) only either the pre- or
post-survey was available (e.g., survey was lost or student dropped out of the class), or if 2) either survey
was incorrectly completed numerically on the 1 to 10 scale (e.g., all activities were independently ranked
on a scale of 1 to 10), which was tested by observing if the sum of the rankings for any particular survey
did not equal 55. After excluding all unusable data, a total of 981 matching pre- and post-surveys
remained. Complete lists of the final demographic variables between which students were classified are

presented in Table 1a through Table 1e.

All data collected was entered in to Microsoft Excel for examination and analysis. The final pre- and post-
survey data for each class was listed on their own Excel sheets, which additionally included the distribution
of students amongst each demographic variable and the mean risk ranking for each variable. The pre-
and post-survey data from each class was then used on a separate sheet to list the difference in numerical
risk perception for each individual between the activities and counts of the associated “direction” of
perceived risk after having taken the course, as either an increase, decrease, or no change in the student
assigned ranking. Select data is presented in Appendix C to demonstrate methods of data organization
for subsequent calculations; it contains the Fall 2004 class pre-survey raw data (p 1-4), organization of the
Fall 2004 class data as a precursor for performing a sign test (p 5-8), consolidation of all class data to
measure mean change and for sign test execution (p 9-11), and data organization for Mann-Whitney U

test execution (p. 12-15).
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Table 1a: Student Demographics — Stratified by Gender

Gender Student Distribution
(N =960)

Female 413

Male 547

Table 1b: Student Demographics — Stratified by College or Program

Student
Program Distribution

(N=974)
College of Agriculture and Life Sciences 203
College of Design 19
College of Education 14
College of Engineering 47
College of Humanities and Social Sciences 286
College of Management 236
College of Natural Resources 63
College of Sciences 26
College of Textiles 3
Division of Undergraduate Academic Programs | 63
Undergraduate Studies 14

Table 1c: Student Demographics — Stratified by Degree Type

Degree Student Distribution
(N =827)

Bachelors of Art 277

Bachelors of Science 550

Table 1d: Student Demographics — Stratified by Class

Class Student Distribution
(N =838)

Freshman 70

Sophomore 305

Junior 255

Senior 208
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Table 1e: Student Demographics — Stratified by Science or Non-Science Majors

Science Majors St_ud(_ent . . . St.ud(.ent .
Nl Seeness) Distribution | Non-Science Majors Distribution
(N=213) (N=761)
Agric. and Environmental Tech 1 Accounting 27
Agric. Bus. Mgmt. Bio. Sciences 6 Accounting Financial Analysis 7
Agronomy Crop Production 2 Accounting Managerial 4
Agronomy Soil Science 1 Aerospace Engineering 1
Animal Science 14 Aerospace Engr. Unmatriculated 4
Animal Science Industry 1 Agric. Business Management 16
Anthropology Bioarcheology 1 Anthropology 3
Bio. Med. Engr. Unmatriculated 1 Anthropology Applied Anthropology | 1
Biochemistry Art and Design 4
Biological Sciences 116 Arts Application 8
Biological Sciences Nutrition 6 Business Administration 193
Botany 1 Business and Marketing 1
Chemical Engineering 1 CHASS Undeclared 2
Chemistry BA 1 Civil Engineering 1
Chemistry BS 6 Civil Engineering 2
Environ. Engr. Unmatriculated 1 Communication 14
Environmental Technology 2 Communication Disorders 9
Fisheries and Wildlife Sciences 2 Communication Media 32
Food Science 1 Communication Public Relations 17
Forest Management 1 Comp. Engr. Unmatriculated 2
Geology 2 Computer Science 1
Horticulture Science Landscape 2 Comp. Science Unmatriculated 5
Life Sciences Undeclared 5 Criminology BA 24
Livestock/Poultry Management 1 Criminology BS 6
Meteorology 1 Economics BA 5
Microbiology 8 Education Undeclared 2
Natural Resources 1 Elementary Education 3
Nat. Resources Policy and Admin. | 3 Engr. Transition Unmatriculated 14
Physics 1 Engineering Undesignated 11
Science Education 2 English 8
Science, Technology and Society 2 English Creative Writing 4
Wood Products 1 English Film 2
Zoology 11 English Teacher Education 5
English World Literature 1
Eng., Lang., Writing and Rhetoric 5
Eng., Rhetoric, Writing and Lit. 1
Extension Edu. Communication 4
Extension Education Extension 1
First Year College 63
French, Language and Literature 1
Graphic Design 13
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Science Majors
(Natural Sciences)

Student

Distribution
(N =213)

Student

Non-Science Majors Distribution
(N=761)

History BA 20
History Teacher Education 4
Industrial Design 1
Industrial Engineering Furniture 1
Interdisciplinary Studies 1
International Studies 4
Landscape Architecture 1
Management Undeclared 1
Mathematics 6
Mech. Engineering Unmatriculated 2
Middle Grades Edu. Language Arts 1
National Student Exchange 1
Parks, Rec., and Tourism Mgmt. 28
Philosophy 1
Philosophy of Law 1
Political Science American Politics 2
Political Science BA 26
Political Science BS 3
Political Science International 7
Political Science Law and Justice 14
Political Sci. Social Studies Teacher 4
Political Science Teacher Education 1
Professional Golf Management 2
Psychology 36
Religious Studies 2
Social Work 8
Sociology 7
Spanish, Language and Literature 3
Sport Management 23
Statistics 1
Technology Education 2
Tech. Education Graphic Comm. 3
Textile and Apparel Management 1
Textile Technology 1
Textiles Undeclared 1
Undergraduate Studies 13
Women's and Gender Studies 1
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Data Analysis

Changes in Risk Perception
Using the data from the number of students with either an increase or decrease in risk ranking for each

activity after having taken the course, a sign test was performed by using an exact binomial function to
calculate the percent chance (p-value) of the lower of the number of counts (whether increased or
decreased) of being at that ratio of increased to decreased risk due to chance alone, while assuming an
equal chance of changed risk perception in either direction. This test was performed using the data from
all of the students in addition to being performed on those subsets of data associated with the
demographic variables being analyzed. Statistical significance was predetermined to be present if a sign
test produced a p-value of 0.05 or less, thus indicating with 95% statistical certainty that the null
hypothesis that there was no change in risk perception could be rejected; however, statistical significance
is not necessarily synonymous with practical significance, and multiple uncertainties associated with the

data had to be considered. Uncertainties identified are discussed below:

1. Due to the relativity of the variables used in this test as a result of having the activities ranked
on the survey from 0-10 with no overlapping rankings, it was anticipated that statistically
significant changes in risk perception for some activities would be merely a result of having to
reorganize the number scale to accommodate for ranking changes of other activities
associated with the real risk perception changes.

2. The binomial test, used as part of the sign test, is sensitive to even small departures from a
distribution when a large data set is being used; therefore, it was further anticipated that the
predicted risk ranking changes that would be due only to the relative nature of the risk ranking
scale would additionally contribute in artificially lowering p-values to “greater” statistical
significance due to the large data sets being used.

3. Any number of additive experiences in the students’ lives during the semester they took the
toxicology course could have independently influenced risk perception of the activities being
analyzed. This study did not utilize a control group of students to take the survey and as such
did not correct for any such changes in risk perception that were independent of having taken
the toxicology course. However, due to the size of the data set (981 students), the length of
time over which the data was collected (5 years), and in considering the effective averaging
of the survey results to dilute any potential individual experiential biases or even larger
subgroup biases resulting from media exposure, lacking a control group is considered to be

trivial for the purpose of examining changes and differences in risk perception for this study.
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The above-described uncertainties illustrate that while statistical significance using this method of analysis
may suggest a real difference in risk perception in students after taking the course, that additional
evaluation of the data is necessary in order to establish practical significance. Practical significance was
thus predetermined to be present for any activity where both statistical significance was already

established and the mean change in absolute risk ranking for that activity was greater than one.

Due to unequal sample sizes of students across each class, the mean change in risk ranking for each activity
within each group being analyzed was weighted by multiplying the mean difference for each class by the
number of students in that class, prior to the subsequent summing of the differences and division by the
total number of students being analyzed.

Differences in Risk Perception

Mann-Whitney U tests were performed to evaluate statistically significant differences in risk perception
between demographic variables in order to account for the non-parametric quality of the data. Given the
option of using either the pre-survey data or the post-survey data, the pre-survey data was chosen to be
used for analysis in order to examine inherent differences in risk perception between each demographic
variable, since taking the course could theoretically influence risk perception of some demographic
variables more than others. The data sets used for the Mann-Whitney tests consisted of the mean
rankings in risk perception for each activity per class within the two demographic variables being
compared to each other (e.g., females vs. males). The datasets of the demographic variables being tested
were typically 13 by 13 mean rankings per variable with the exception of the freshman vs. senior dataset,
which was 12 by 13 mean rankings due to no freshman having been enrolled during one of the classes
(section 1 of the spring 2008 semester). Due to unequal sample sizes of students within each variable
between classes, the mean rankings of every activity for each class were weighted against the total
number of students within that variable across all of the classes; this resulted in each of the 25 or 26 total
rankings for an activity that were used as part of the Mann-Whitney U test as being a fraction of the total
mean for each variable (1/12 or 1/13) for that activity. Using this data, a U-value was calculated and
statistical significance in differences between demographic variables was thus indicated by the U-value
being less than the critical value of U. The critical values of U that were used for determining statistical
significance to within 95% certainty were 41 for the 12 by 13 data set and 45 for the 13 by 13 data set, as

per the Mann-Whitney critical values tables.

15



Uncertainties associated with statistical significance derived from the Mann-Whitney U tests exist for the
same reasons as listed in the data analysis section for changes in risk perception. Similarly, to account for
those uncertainties, practical significance between differences in risk perception between demographic
variables was predetermined to be present for any activity where both statistical significance was already

established and the mean difference in absolute risk ranking for that activity was greater than one.

Risk Estimates
Students’ relative rankings of risk associated with each activity were compared to real risk estimates of

statistical probabilities of either dying or being diagnosed with cancer as a result of participating in each
activity; these probabilities were represented by the number of deaths per 100,000 annually who
participate in each activity. In order to represent risk consistently within the same probability framework
across the different activities, statistics were converted, extrapolated, and interpolated as necessary. It
is important to note that a number of uncertainties lie within these calculations as well as their
comparison to each other. These include 1) the probabilities obtained (or the raw data used to calculate
the probabilities for this study) came from different sources with different methods of data collection and
calculation, 2) some probabilities are associated with relatively old data and may not be entirely
representative of the current risk, and 3) most importantly, since many of these numbers are simple
extrapolations from population averages, the real risk posed to any individual would be largely dependent
upon independent variables such as the duration of exposure to the activity. Those risks associated with
chemical and radiological hazards have additional uncertainties associated with the methods used to
model them and they rely upon a number of assumptions such as the dose of exposure. With those
uncertainties being stated, the real risk probabilities can still be expected to provide reasonable, general
estimates of death or cancer annually, to people within a population participating in each activity.
Additionally, the relative risk rankings assigned to each activity based on the real risk probabilities would
be anticipated to stay in virtually the same order regardless of any variability that might be associated
with those uncertainties. The sources and methods used to calculate the real risk estimates are presented

below:

o The risk of either dying or developing cancer from driving a motorcycle, smoking tobacco
products, hang gliding, working in a coal mine, driving a motor vehicle, and living within 5 miles
of a nuclear power plant were obtained from Rodricks (1992) and Wilson (1979). Those
probabilities were calculated by Professor Richard Wilson of Harvard University and his associate
Edmund Crouch by using typical exposure levels to each activity. The risk of cancer from living

within 5 miles of a nuclear power plant was the only probability that was not presented within
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the number of annual death/cancer cases per 100,000 people framework; the annual risk per
100,000 people of developing cancer caused by radiation from living within 5 miles of a nuclear
power plant had to be interpolated from the 1 in 1 million 50-year risk associated with this activity
(1/10/50). Itis worth noting that this risk was based on radiation exposure as a result of an
accident occurring at a nuclear reactor. In regards to the cancer risk associated with background
radiation as a result of normal nuclear power plant operations, the National Cancer Institute
currently relies on a major study from 1991 that detected zero increased risk of cancer in
populations across the world living within the vicinity of nuclear power plants — whatever the real
risk of developing cancer from this activity is, it was too small to be detected during this study
(NCI, 1991). At the time of this writing, the Nuclear Regulatory Commission is having the National
Academy of Sciences conduct an in-depth study to analyze the cancer risk in populations near
nuclear facilities, in order to update the 1990 NCI report and quantify any real risk posed by
regular radiation emissions to surrounding populations should it exist (NAS, 2015; NRC, 2012).
The risk probability associated with alcohol use was obtained from a study funded in part by the
Robert Wood Johnson Foundation and the Center for Disease Control (CDC) Foundation, which
determined the average annual number of alcohol attributable deaths in the United States as a
result of excessive alcohol consumption to be 28 in 100,000 people. These deaths included
accidents and overdose associated with acute intoxication in addition to deaths from diseases
attributable to chronic excessive alcohol use. While that absolute risk of death due to excessive
alcohol consumption to any given individual may intuitively seem small, the relative risk of death
is understood to be very large in comparison to other causes of death due to the prevalence of
alcohol use in our society, as illustrated by the finding that 1 in 10 deaths among working-age
adults in the United States is caused by excessive alcohol use (Stahre et al., 2014).

The risk of death due to complications from surgery are highly dependent on pre-existing health
conditions of the patient and the type of surgery being performed, among other variables. In
order to provide a general estimate of the risk probability associated with undergoing surgery in
a hospital, data associated with a 2013 British Medical Journal study was utilized, where the
authors examined data from all elective (non-emergency) surgeries performed at British hospitals
between 2008 to 2011, totaling at approximately four million patients, and found that the average
risk of death per individual within a month after surgery to be 0.67% (Aylin et al., 2013). That
percentage was multiplied by 100,000 to generate the risk probability of 670 deaths per 100,000

people.
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An extrapolation from an X-ray risk calculator was used to generate the risk probability of

receiving a chest x-ray (http://www.xrayrisk.com/calculator/calculator.php; March 28, 2015).

The additional lifetime cancer risk of a 30-year old male receiving a standard chest x-ray was
calculated to be 1 in 114,155. Converted to a 0.88 in 100,000 lifetime risk (100,000 / 114,155)
and assuming a 70 year lifetime with an equal risk of developing cancer from the x-ray exposure
on any given year, this probability was multiplied by 40 in order to calculate the annual risk of
developing cancer on any specific year of remaining life to be 0.02 in 100,000.

The risk probability associated with the agricultural pesticide usage activity was calculated under
the assumption that the majority of students attributed this activity with the exposure to residual
pesticides on produce through consumption, as this exposure is understood to currently be more
highly discussed within the media and general public than the alternative interpretation of dermal
or inhalation exposure to pesticides experienced by those who directly handle pesticides in bulk,
such as by agricultural workers. That assumption significantly affects the outcome of the real risk
probability in consideration that approximately 67,000 pesticide poisonings occur in the United
States annually, which results in approximately 27 deaths due to acute toxicity and may
additionally contribute to occurrences of cancer (Litovitz et al, 1990). In a 2012 paper published
in the journal of Food and Chemical Toxicology on cancer risks and benefits associated with
increasing consumption of fruits and vegetables, the number of annual cancer cases that might
be theoretically attributed to increased consumption of residual pesticides as a result of half of
the population of the United States increasing their fruit and vegetable consumption by one
serving each per day was calculated to be 10, while 20,000 cancer cases would be simultaneously
prevented due to the anti-carcinogenic effects of consuming the fruits and vegetables themselves
(Reiss et al, 2012). That theoretical cancer probability was calculated using EPA methods that
incorporated cancer potency estimates from rodent bioassays and pesticide residue sampling
data from the U.S. Department of Agriculture (USDA). While the authors acknowledge significant
uncertainties associated with the estimate, such as potential residual confounding in the fruit and
vegetable epidemiologic studies and inherent uncertainties associated with using rodent
bioassays for estimating human cancer risks, the estimate uses arguably the best methodology
within the constraints of current scientific knowledge. That estimate was calculated against
typical fruit and vegetable consumption rates and then interpolated to produce 0.00871 as the
number of annual cancer cases in the United States per 100,000 people exposed to typical

pesticide residuals. The following equation was generated to arrive at that number:
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R=(a/2*r*2)/(p/100,000), where:

R = annual cancer risk per 100,000 people from typical fruit and vegetable consumption

r = cases of attributable cancers per half of the U.S. population by increasing combined daily
servings of fruit and vegetables by two [10 cases (Reiss et al, 2012)]

p = U.S. population [310,000,000 (Reiss et al, 2012)]

a = average combined daily servings of fruit and vegetables consumed by a U.S. adult [2.7 servings

(CDC, 2013)]

RESULTS AND DISCUSSION

As discussed in the methods section, statistical significance for changes in risk perception were analyzed
by the use of a sign test and are indicated for any activity by a p-value less than 0.05. Statistical significance
for differences in risk perception between demographic variables were analyzed by the use of a Mann-
Whitney U-Test and are indicated by a U-value being less than the critical value for U. Practical significance
for either a change or difference in risk perception was indicated if both statistical significance and a mean

change or difference greater than 1 for any risk ranking is present.

Changes in Risk Perception
Table 2 presents the results of the analyses for changes in risk perception for all students after having

taken the course in addition to comparing risk perceptions vs. the estimates of real risk posed by each
activity. Figure 1 provides a visualization of the magnitude of risk perception change for each activity, as

indicated by change in mean risk ranking.

Of the ten activities presented on the surveys, statistically significant changes in risk perception were
identified for seven of them after having taken the course. Smoking tobacco products and living within 5
miles of a nuclear power plant were the only two activities that demonstrated practically significant
change in risk perception on top of statistical significance, with the former being perceived as more risky
following the course and the latter as being perceived as less risky, as was hypothesized. Of the other
three activities related to toxicological hazards, alcohol consumption had a considerable increase in risk
perception that neared practical significance, while pesticide usage and chest x-rays remained virtually
unchanged. This may not be surprising for the chest x-ray activity since it was ranked the least risky activity
on average to begin with, as indicated by the pre-survey mean risk ranking, which suggests that students
already had a firm grasp on the small risk that chest x-rays pose prior to having taken the course. Risk

perception of pesticide usage remained more risky than was expected, considering having been taught
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Table 2: Changes in Risk Perception — All Students

. Pre- Post- Pre- Post- .
I Count Sign test Mean Real risk
Activities Difference “value | survey |survey | | survey survey | i
Al P Mean | Mean & rankinggs | rankingc &p
. 1
Driving a motorcycle 22 0.467 4.3 4.4 <-0.1 3 3 (2000)
Undergoing surgery in 2
119 <0.001 . . . 7
a hospital 0.00 >-8 6.3 0-5 6 (670)
Smoking tobacco 3
-431 <0. . 2.4 -1. 2 1
products 0.001 3.9 15 (300)
Hang gliding 189 <0.001 5.8 6.6 0.8 5 8 (;))
Working in a coal mine 125 <0.001 33 3.6 0.3 1 2 (653)
Consumption of 205 <0.001 | 66 | 58 | 08 9 5 6
alcoholic beverages (28)
Driving a motor vehicle -129 <0.001 6.0 53 0.7 7 4 (274)
An X-Ray of your chest -10 0.746 7.8 7.8 <-0.1 10 10 (0%2)
Agricultural pesticide 9
-1 . . . -0.
T 6 0.609 6.0 6.0 <-0.1 8 6 (0.009)
Living within 5 miles of 291 <0.001 56 70 1.4 a 9 10
a nuclear power plant (0.002)

A =The number of students with decreased perception of risk subtracted by those with an increased perception of
risk. A positive value indicates a surplus of students with a decreased perception of risk associated with the
activity while a negative value indicates a surplus of students with an increased perception of risk.

g = Relative risk ranking of each activity as determined by sorting the mean risk rankings of all students surveyed at
the start of the course.

¢ = Relative ranking of each risk as determined by sorting the mean risk rankings of all students surveyed at the end
of the course.

p = The number in parenthesis below each “real” risk ranking is the estimated annual number of deaths or cancer
cases per 100,000 people as a result of participating in the activity; other potential adverse health effects are not
accounted for. These risk probabilities are largely dependent on a number of independent variables for any
individual and are subject to a number of uncertainties, which are discussed in detail in the risk estimates section,
along with the sources and methods used to calculate the probabilities.

I:I = Statistically significant change in risk perception.

I:I = Practically significant change in risk perception.

|II

20



Figure 1: Change in Risk Perception — All Students

Change in Risk Perception - All Students

Mean change in ranking

living within 5 miles of a nuclear power plant 1.36
hang gliding 0.80
undergoing surgery in a hospital 0.45
working in a coal mine 0.34
driving a motorcycle 0.06

smoking tobacco products -1.54

Driving a motor vehicle -0.67
Agricultural pesticide usage 0.00
An X-ray of your chest -0.02

Consumption of alcoholic beverages -0.78

20 -15 -10 -05 0.0 0.5 1.0 1.5 2.0
More Risky <------ > Less Risky

about toxicological risk assessment during the course. Speculating on this, students may not only have
been thinking of personal exposure to pesticide residues associated with the “pesticide usage” activity
but also of societal and environmental implications of their use, such as agricultural workers being
poisoned during handling and usage of pesticides or the environment being contaminated as a result of

pesticide spills or improper applications.

The students’ average relative risk ranking of each activity, as determined by sorting the total pre- and
post-survey mean risk rankings of all students, serves as a method of risk perception comparison that
demonstrates general relative alignments of average risk perceptions among the different activities. This
is of particular interest when compared to the real risk relative rankings. Students’ relative risk rankings
of each activity varied in accuracy to the real risk posed by each. Of the five activities related to
toxicological hazards, it can be seen that the students’ relative risk rankings were generally close to the
associated real risk rankings for each activity. Smoking was on average seen as the riskiest following
having taken the course. While even though motorcycle driving and hospital surgery are technically risker
as defined by the real risk rankings, smoking having ranked as the most risky following the course is not

surprising given the course content. Alcohol consumption and living within 5 miles of a nuclear power
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plant reverted much closer to the real risk relative ranking following having taken the course, as was
predicted. Receiving a chest X-ray remained as the lowest relative risk ranking after the course, which is
close to the real risk ranking. After having taken the course, the pesticide usage relative risk ranking
moved up to 2 rankings riskier, in the direction away from the real risk ranking. Because risk perception
of pesticide usage remained virtually unchanged on average after having taken the course, this change in
relative ranking was due to changes of other activities being perceived as less risky. This illustrates why
the relative risk rankings should not be used as indicators of if a change in risk perception is occurring in
any given activity as a result of taking the course, since any given change in relative risk ranking may only
be accommodating the risk perception change of another activity. Practical significance following
previously described methodology is the only measure used to determine if a change in risk perception is

occurring for this study.

Table 3 compares the results of the analyses for changes in risk perception after having taken the course
for all students to those of the subgroups of demographic variables that were studied in order to
examine if any demographic variables could be identified as driving change in risk perception for any of
the activities. Very similar changes in risk perception amongst the demographic variables were
observed, with the smoking tobacco products and living within 5 miles of a nuclear power plant
activities demonstrating practically significant changes amongst each of the demographic variables, just
as was seen with the entire group of students. The only addition of a practically significant change for
any other activity was the change in risk perception of hang gliding, being perceived as less risky for
freshman following having taken the course. There isn’t any apparent reason why freshman, or a
student in general, would perceive hang gliding as less risky after having taken the course. Looking
across the different demographic variables, most were very similar in their mean change in risk ranking
for hang gliding, and they also came close to practical significance. One reason why freshman may have
surpassed the practical significance threshold could be due to that demographic variable’s relatively
small sample size of 74, which makes the freshman data set more susceptible to generating outlier
results. This chart also illustrates that those variables with the largest sample sizes (e.g., males, females,
and non-science majors) had the highest number of activities with statistically significant changes in risk
perception, thus further demonstrating the sensitivity of the binomial test for achieving statistical
significance, and why a secondary means of establishing practical significance was important for this

study.

22



Table 3: Changes in Risk Perception — All Demographic Variables

Pre- vs. Post-Surveys

Sign Test p-Values and Mean Risk Ranking Changes

All students Males Females Science Majors Non-Science Freshman Seniors
Activities (N=981) (N=547) (N=413) (N=211) Majors (N=763) (N=74) N=255
Mean Mean Mean Mean Mean Mean Mean
p-value | ranking | p-value | ranking | p-value | ranking | p-value | ranking | p-value | ranking | p-value | ranking | p-value | ranking
change change change change change change change
Driving a motorcycle 0.467 -0.06 1.734 0.04 1.293 0.1 0.596 -0.1 1.653 0.1 1.284 0.1 1.867 0.3
Consumption of <0.001 | 08 | <0.001 | 06 | <0.001 | -10. | <0001 | 08 | <0001 | 07 | 0003 | -10c | <0.001 | -09
alcoholic beverages

Smoking tobacco

products
Hang gliding
Working in a coal mine | <0.001 0.3 0.018 0.2 <0.001 0.5 0.322 0.3 <0.001 0.3 0.007 0.8 0.213 0.2
Driving a motor vehicle | <0.001 | 0.7 0.002 0.5 0.003 -0.9 0.373 05 | <0001 | -0.7 0.082 1.2 0.103 0.5
U”dergigggf’ery nal <0001 0.5 0.003 0.5 0.009 0.4 0.025 0.6 0.001 0.4 0.615 0.1 0.009 0.6
Ag”c”'tz;:;zesmide 0609 | <01 | 0610 | <01 | 1.041 0.1 0147 | <01 | 1154 | <01 | 0.268 0.4 1.452 0.2
An X-Ray of your chest | 0746 | <01 | 1374 | <01 | 0272 0.1 1404 | <01 | 0511 | <01 | 1573 0.3 0.483 0.1

Living within 5 miles of
a nuclear power plant

A =Rounds down to a mean change of -1.0 but is technically below the practical significance threshold at -0.98.

8 = Rounds up to a mean change of 1.0 but is technically below the practical significance threshold at 0.97.

¢ = Rounds down to a mean change of -1.0 but is technically below the practical significance threshold at -0.96.
I:l = Statistically significant change in risk perception.
i = Practically significant change in risk perception.
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Differences in Risk Perception

Males vs Females
Table 4 presents the results of the analyses on pre-survey data to examine inherent differences in risk

perception between males and females. Figure 2a provides a relative comparison of risk perception for
each activity between males and females as indicated by comparison of mean risk rankings while Figure
2b provides a visualization of the magnitude of risk perception difference between each variable for each

activity as indicated by differences in mean risk rankings.

All Mann-Whitney U values were above the Mann-Whitney critical value of 45; therefore, statistically
significant differences in risk perception were not demonstrated for any of the ten activities and by default
practically significant differences in risk perception could be not demonstrated either. Despite this,
females ranked the risk of living within 5 miles of a nuclear power plant as considerably greater than males
did on average, having a mean ranking difference of 0.9. Despite not having statistical significance, this
difference suggests support of the hypothesis that women would perceive living near a nuclear power
plant as more risky than men, in addition to supporting those previously mentioned studies on risk
perception that have found women to on average view nuclear technologies as more risky than men.
Hang gliding was the activity with the next largest difference in mean risk ranking between males and
females, having a mean ranking difference of -0.8, with males ranking it as “more risky” than females.
That apparent risk perception difference for hang gliding, with men perceiving it as more risky, isn’t
supported by the risk perception literature, which has consistently demonstrated men to perceive
riskiness of accidents and even all hazards in general as less than women (Hakes and Viscusi, 2004; Slovic,
1999; Sund, 2010). It therefore seems likely that this relatively high difference in risk ranking for hang
gliding is incidental due to the relative framework of the survey. Driving a motor vehicle and receiving a
chest X-ray were the activities that demonstrated the smallest differences in risk rankings. Relative mean
risk rankings were almost identical with the exception of the living near a nuclear power plant and hang
gliding activities, each of which had a difference in relative ranking greater than 2 between males and

females. Males had a more accurate ranking for each when compared to the real risk rankings.
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Table 4: Differences in Risk Perception — Males vs. Females

Mann- Critical Mean Real
- . Male Female . Male Female .
Activities Whitney | value of difference . . risk
mean mean . . rankinga | rankings .
U value U in ranking rankingc
. 1
Driving a motorcycle 78 45 4.2 4.4 -0.3 3 3 (2000)
Undergoing surgery in a 33 45 57 59 0.1 5 5 2
hospital ' ' ) (670)
Smoking tobacco 3
77 4 4, . 2 2 2
products > 0 3.9 0 (300)
Hang gliding 66 45 5.4 6.3 -0.8 4 8 (;))
Working in a coal mine 81 45 3.2 3.4 -0.2 1 1 (653)
Consumption of alcoholic 77 45 6.7 6.5 02 9 9 6
beverages (28)
Driving a motor vehicle 80 45 5.9 6.0 <-0.1 6 7 (274)
An X-Ray of your chest 76 45 7.8 7.8 <0.1 10 10 (0%2)
Agricultural pesticide 9
T 74 45 6.0 5.9 0.1 8 6 (0.009)
Living within 5 miles of a 57 45 6.0 51 0.9 7 a 10
nuclear power plant (0.002)

A = Relative ranking of each risk as determined by sorting the mean risk rankings of male students surveyed at the
start of the course.

g = Relative ranking of each risk as determined by sorting the mean risk rankings of female students surveyed at the
start of the course.

¢ = The number in parenthesis below each “real” risk ranking is the estimated annual number of deaths or cancer
cases per 100,000 people as a result of participating in the activity; other potential adverse health effects are not
accounted for. These risk probabilities are largely dependent on a number of independent variables for any
individual and are subject to a number of uncertainties, which are discussed in detail in the risk estimates section,
along with the sources and methods used to calculate the probabilities.
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Figure 2a: Comparison of Risk Perception — Males vs. Females

Comparison of Risk Perception -
Males vs Females

B Male Mean Ranking Female Mean Ranking

living within 5 miles of a nuclear power plant
hang gliding

undergoing surgery in a hospital

working in a coal mine

driving a motorcycle

smoking tobacco products

Driving a motor vehicle

Agricultural pesticide usage

An X-ray of your chest

Consumption of alcoholic beverages

0 1 2 3 4 5 6 7 8 9 10
More Risky <------ > Less Risky
Figure 2b: Difference in Risk Perception — Males vs. Females
Difference in Risk Perception - Males vs Females
i Female Mean Ranking subtracted by Male Mean Ranking
living within 5 miles of a nuclear power plant M 0.88
hang gliding -0.81 s
undergoing surgery in a hospital -0.11 &
working in a coal mine -0.17 s
driving a motorcycle -0.29
smoking tobacco products e 0.15
Driving a motor vehicle -0.017
Agricultural pesticide usage W 0.12
An X-ray of your chest i 0.041
Consumption of alcoholic beverages W 0.20
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0

More Risky <------ > Less Risky
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Science Majors vs. Non-Science Majors
Table 5 presents the results of the analyses on pre-survey data to examine inherent differences in risk

perception between science majors and non-science majors. Figure 3a provides a relative comparison of
risk perception for each activity between science majors and non-science majors, as indicated by
comparison of mean risk rankings while Figure 3b provides a visualization of the magnitude of risk
perception difference between each variable for each activity as indicated by differences in mean risk

rankings.

All Mann-Whitney U values were above the Mann-Whitney critical value of 45; therefore, statistically
significant differences in risk perception were not demonstrated for any of the ten activities and by default
practically significant differences in risk perception could be not demonstrated either. Mean risk rankings
between science majors and non-science majors were virtually identical, with absolute differences in
mean risk rankings being less than 0.3 for all activities. Furthermore, activities that were hypothesized to
have the greatest differences in risk perception due to science majors having a greater understanding of
the toxicological risks associated with them, such as living within 5 miles of a nuclear power plant and
agricultural pesticide usage, actually had among the smallest differences in mean risk rankings. Perhaps
those undergraduate natural science majors surveyed had only thus far received a general educational
understanding of their field of study. It could be interesting to see in future studies if there are differences
in risk perception of those toxicological hazards between undergraduate and graduate natural science

majors.
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Table 5: Differences in Risk Perception — Science Majors vs. Non-Science Majors

Mann- Critical | Science Non- Mean Science Non— .
—_— . . science . . science | Real risk
Activities Whitney U | value of | major . difference | major . .
major | . . . major rankingc
value U mean in ranking | rankinga .
mean rankings
. 1
Driving a motorcycle 58 45 4.6 4.3 0.3 3 3 (2000)
Undergoing surgery in 2
4 Vi . -0.2
a hospital 88 > > >-8 0 6 > (670)
Smoking tobacco 3
7 4 . 4, <-0.1 2 2
products 8 > 3.9 0 0 (300)
Hang gliding 84 45 5.6 5.9 -0.3 4 6 (;))
Working in a coal mine 69 45 3.5 3.2 0.3 1 1 (653)
Consumption of 6
alcoholic beverages 6> 4> 6.7 6.5 0.2 9 9 (28)
Driving a motor vehicle 73 45 6.0 6.0 <0.1 8 7 (274)
An X-Ray of your chest 82 45 7.6 7.8 -0.3 10 10 (0%2)
Agricultural pesticide 9
e 75 45 5.9 6.0 <-0.1 7 8 (0.009)
Living within 5 miles of 73 45 56 56 01 5 a 10
a nuclear power plant (0.002)

A = Relative ranking of each risk as determined by sorting the mean risk rankings of science major students
surveyed at the start of the course.

g = Relative ranking of each risk as determined by sorting the mean risk rankings of non-science major students
surveyed at the start of the course.

¢ = The number in parenthesis below each “real” risk ranking is the estimated annual number of deaths or cancer
cases per 100,000 people as a result of participating in the activity; other potential adverse health effects are not
accounted for. These risk probabilities are largely dependent on a number of independent variables for any
individual and are subject to a number of uncertainties, which are discussed in detail in the risk estimates section,
along with the sources and methods used to calculate the probabilities.
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Figure 3a: Comparison of Risk Perception — Science Majors vs. Non-Science Majors

Comparison of Risk Perception -
Science Majors vs Non-Science Majors

H Non-Science Major Mean Ranking B Science Major Mean Ranking

living within 5 miles of a nuclear power plant
hang gliding

undergoing surgery in a hospital

working in a coal mine

driving a motorcycle

smoking tobacco products

Driving a motor vehicle

Agricultural pesticide usage

An X-ray of your chest

Consumption of alcoholic beverages

0 1 2 3 4 5 6 7 8 9 10
More Risky <------ > Less Risky
Figure 3b: Difference in Risk Perception — Science Majors vs. Non-Science Majors
Difference in Risk Perception -
Science Majors vs Non-Science Majors
i Science Major Mean Ranking subtracted by Non-Science Major Mean Ranking
living within 5 miles of a nuclear power plant 0.021
hang gliding -0.28 s
undergoing surgery in a hospital -0.19 e
working in a coal mine s 0.26
driving a motorcycle s 0.29
smoking tobacco products -0.074 =
Driving a motor vehicle 4 0.046
Agricultural pesticide usage -0.063 &
An X-ray of your chest -0.25 L
Consumption of alcoholic beverages s 0.24
-2.00 -1.50 -1.00 -0.50 0.00 050 100 150 2.00

More Risky <------ > Less Risky
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Freshman vs. Seniors
Table 6 presents the results of the analyses on pre-survey data to examine inherent differences in risk

perception between freshman and seniors. Figure 4a provides a relative comparison of risk perception
for each activity between freshman and seniors, as indicated by comparison of mean risk rankings while
Figure 4b provides a visualization of the magnitude of risk perception difference between each variable

for each activity as indicated by differences in mean risk rankings.

All Mann-Whitney U values were above the Mann-Whitney critical value of 41; therefore, statistically
significant differences in risk perception were not demonstrated for any of the ten activities and by default
practically significant differences in risk perception could be not demonstrated either. This holds true
even though the mean risk ranking difference for driving a motorcycle between freshman and seniors
suggests at practical significance since it was greater than one, with freshman having ranked that activity
on average as less risky. Other than driving a motorcycle, activities that demonstrated relatively large
differences in mean risk rankings were smoking tobacco products, driving a motor vehicle, and living
within 5 miles of a nuclear power plant. As with the other demographic variables, relative mean risk
rankings between freshman and seniors were similar — too similar to suggest supporting the hypothesis
that seniors have more accurate risk perception in regards to the statistical chance of harm associated
with activities. As was previously noted, more uncertainty lies with the freshman dataset in comparison

to the other demographic variable data sets due to its relatively small sample size of only 74 students.
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Table 6: Differences in Risk Perception — Freshman vs. Seniors

Mann- Critical . Mean . .
—_— . Freshman | Senior | . Freshman | Senior | Real risk
Activities Whitney | value of difference . . .
mean mean | . . rankinga | rankings | rankingc
U value U in ranking
. 1
Driving a motorcycle 59 41 5.1 4.1 1.0 3 2 (2000)
Undergoing surgery in 2
74 41 . Vi -0.1 4
a hospital >3 > 0 > (670)
Smoking tobacco 3
41 A4 4.1 -0.7 2
products 69 3 0 3 (300)
Hang gliding 76 41 6.3 6.1 0.2 7 8 (;))
Working in a coal mine 70 41 3.1 3.4 -0.3 1 1 (653)
Consumption of 6
alcoholic beverages 74 41 6.6 6.5 <01 9 9 (28)
Driving a motor vehicle 69 41 6.4 5.7 0.7 8 5 (274)
An X-Ray of your chest 77 41 7.7 7.8 -0.1 10 10 (0%2)
Agricultural pesticide 9
- 70 41 5.7 5.8 -0.1 6 7 (0.009)
Living within 5 miles of 69 a1 53 53 0.5 a 6 10
a nuclear power plant (0.002)

A = Relative ranking of each risk as determined by sorting the mean risk rankings of science major students
surveyed at the start of the course.

g = Relative ranking of each risk as determined by sorting the mean risk rankings of non-science major students
surveyed at the start of the course.

¢ = The number in parenthesis below each “real” risk ranking is the estimated annual number of deaths or cancer
cases per 100,000 people as a result of participating in the activity; other potential adverse health effects are not
accounted for. These risk probabilities are largely dependent on a number of independent variables for any
individual and are subject to a number of uncertainties, which are discussed in detail in the risk estimates section,
along with the sources and methods used to calculate the probabilities.
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Figure 4a: Comparison of Risk Perception — Freshman vs. Seniors

Comparison of Risk Perception -

Freshman vs Seniors

B Senior Mean Ranking E Freshman Mean R
living within 5 miles of a nuclear power plant
hang gliding
undergoing surgery in a hospital
working in a coal mine
driving a motorcycle
smoking tobacco products
Driving a motor vehicle
Agricultural pesticide usage
An X-ray of your chest
Consumption of alcoholic beverages

anking

0 1 2 3 4 5 6 7 8 9 10
More Risky <------ > Less Risky
Figure 4b: Difference in Risk Perception — Freshman vs. Seniors
Difference in Risk Perception -
Freshman vs Seniors
i Freshman Mean Ranking subtracted by Senior Mean Ranking
living within 5 miles of a nuclear power plant -0.54
hang gliding s 0.22
undergoing surgery in a hospital -0.13
working in a coal mine -0.33
driving a motorcycle s 103
smoking tobacco products -0.74
Driving a motor vehicle s 0.68
Agricultural pesticide usage -0.140 &
An X-ray of your chest -0.074 &
Consumption of alcoholic beverages i 0.0325
-2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
More Risky <------ > Less Risky
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CONCLUSIONS

Results indicate that the education treatment implemented for this study, consisting of taking Toxicology
201: Poisons, People, and the Environment, had a real influence on the risk perception of students. The
activities that had practically significant changes for the entire group of students were an increased
perception of risk for smoking tobacco products and a decreased perception of risk for living within 5 miles
of a nuclear power plant. While other activities had statistically significant changes, and some even had
mean changes in risk rankings that approached practical significance, it is unknown if the educational
treatment influenced risk perception of these activities or if these findings were due to the uncertainties
associated with the data and the study methodology. The students’ relative risk rankings amongst most
activities were close to the real risk rankings associated with them, as determined by statistical probability
of death or cancer. In general, very similar changes in risk perception occurred amongst the demographic
variables studied, indicating that gender, science education, and overall level of education (at least
amongst undergraduate college classes), may be weak influencing factors as to the susceptibility or
resistance to changing one’s perception of a risk following receiving education about it’s associated

hazard.

In examination of the inherent differences in risk perception between demographic variables, results
indicated similar rankings of risk perception between those sets of demographic variables compared.
While statistically significant differences in risk perception were not observed between any of the
demographic variables, support from previous risk assessment literature suggested at significance in the
instance of elevated differences of mean risk rankings with women perceiving living near a nuclear power
plant as more risky than men, and simply the magnitude of mean risk ranking difference suggested at

significance in the instance of freshman perceiving riding a motorcycle as less risky than seniors.

How one defines risk is part of a foundation upon which a number of subjective variables build upon to
shape ones risk perception. This study supports the notion that education can be implemented as a tool
to help reshape that foundation. Regarding toxicological education, it would appear that by personally
evaluating established knowledge within this field while also being taught scientific critical thinking skills,
that people can effectively alter their risk perception associated with certain toxicological hazards. This
change likely occurs despite simultaneously experiencing conflicting psychological and societal ways of

thinking.
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The specific educational treatment used for this study may have implications for benefiting public health
as it has demonstrated to increase perception of risk associated with smoking tobacco products, which in
turn may help lead to decreased rates of smoking. Alternatively, by having shown to decrease perception
of risk associated with living near nuclear power plants, this treatment may be able to influence public
acceptance of nuclear power, leading to the facilitation of increased production of nuclear-powered
electricity. While understanding that an educational treatment of this scope may not be practical for
widespread implementation, it is encouraging to know it can influence the often tenacious nature of risk
perception in individuals. Even though it would be less effective than a longer term comprehensive
teaching on the subject topic, a shortened version of the treatment may be worth developing for
experimentation at implementation to wider audiences, such as how was done with the Focus on Risk
module (Covitt et al., 2005). This treatment may serve as a form of risk communication, aimed at altering
risk perception associated with commonly misunderstood or controversial hazards. By studying the
effects such a treatment would have on its subjects and through further refinement, effective subject
matter and instructional methods for influencing risk perception may be able to be developed. The
findings and methodology in this study can also be used to further explore semester-long educational
treatments and their effect on risk perception. It would be interesting to examine if altered methodology
could supplement the findings of this study, such as by measuring risk perception on an absolute scale for
each activity at the start and end of the course rather than on a relative scale. Additional survey questions
could also be distributed to measure if the educational treatment resulted in changes in the psychometric
characteristics individuals assign to risks, to individual world views or ideologies, or to critical thinking

skills.
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Syllabus: TOX201 - Poisons, People and the Environment



TOX201 - POISONS, PEOPLE, AND THE ENVIRONMENT (3 Credit Hours)

COURSE INSTRUCTOR Additional TOXICOLOGY DEPARTMENT CONTACT
Dr. Stephen E. Graham Dr. Chris Hofelt

Lecturer, NCSU Assistant Professor

Research Physical Scientist, US EPA Undergraduate Program Coordinator

RTP, NC 27711 Toxicology Building Rm 1220

919-541-4344 919-513-4893

M-F 6:30AM-4:00PM http://www.tox.ncsu.edu/faculty/hofelt/

graham.stephen@epa.gov
sgraham@unity.ncsu.edu
http://courses.tox.ncsu.edu/tox201

COURSE DESCRIPTION

Introduces students to the basic principles of toxicology. Will broadly cover the history and scope of the field; absorption,
distribution, metabolism and elimination of toxicants; types and mechanisms of toxic action; carcinogenesis;
environmental toxicology as well as human and ecological risk assessment.

PREREQUISITES (None)

STUDENT LEARNING OUTCOMES

By the end of this course, students should be able to (1) provide a historical perspective of the science of poisons and
metabolism, (2) identify and apply the fundamental principles toxicology, (3) explain how and why toxicological processes
and events occur in nature, and (4) evaluate the adverse effects of chemical contaminants to human health and the
environment.

TEXTBOOKS
Hughes, W. William. 1996. Essentials of Environmental Toxicology. Taylor & Francis, Philadelphia, PA.

CLASS MEETINGS
Class will meet every Tuesday and Thursday in Williams Hall room 1404, 4:30 to 5:45. In addition, exams will be
administered during these meetings.

ACADEMIC INTEGRITY

Students are expected to be familiar with and honor the NCSU Code of Student Conduct. An honor pledge will be placed
on all examinations and some assignments for students to sign. While there will be times when students will be
encouraged to talk and participate in class discussions, students should refrain from extraneous conversations with each
other when the instructor or other students are presenting information. More information can be found at:
http://www.ncsu.edu/provost/academic_regulations/integrity/reg.htm

ADVERSE WEATHER POLICY
The adverse weather policy for this course will conform to the stated policy of the university as stated in section 31.01 of
the student handbook. See http://www.fis.ncsu.edu/ncsulegal/31.01-adverse.htm

CREDIT ONLY/AUDIT
Students taking the course for credit only (S/U) must take all examinations, complete the homework assignments, and
score a total of at least 695 points (69.5%) to receive an "S".

DISABILITY STATEMENT

Reasonable accommodations will be made for students with verifiable disabilities. In order to take advantage of available
accommodations, students must register with Disability Services for Students at 1900 Student Health Center, Campus
Box 7509, 515-7653. http://www.ncsu.edu/dss/

SCHEDULE OF READING ASSIGNMENTS
Reading assignments will coincide with each lecture in the syllabus and are listed below.

ATTENDANCE

Please make every effort to arrive on time to avoid disturbing your instructor and your classmates with a late arrival or
early retreat. Students who miss a lecture, with or without a documented excuse, are responsible for all material covered
or distributed during the class. Three unexcused absences will be allowed. The University policy can be found at:
http://www.ncsu.edu/policies/academic_affairs/pols_regs/REG205.00.4.php


http://www.tox.ncsu.edu/faculty/hofelt/
mailto:graham.stephen@epa.gov
mailto:sgraham@unity.ncsu.edu
http://courses.tox.ncsu.edu/tox201
http://www.fis.ncsu.edu/ncsulegal/31.01-adverse.htm
http://www.ncsu.edu/dss/

COURSE ORGANIZATION/SCOPE

Date Test Lecture Reference
1/11 Introduction — Class Activity 1- Risk Priority Ch 1 Hughes
1/16 History of Poisoning - Antiquity handouts
1/18 History of Poisoning - Middle Ages handouts
1/23 Quiz 1 History of Poisoning - Modern Times handouts
1/25 Basic Chemistry/Biochemistry/Biology-Optional Review handouts
1/30 Scientific Principles/Toxicological Concepts Ch 2 Hughes
2/1 Chemical Absorption and Distribution Ch 4,5,6 Hughes
2/6 Quiz 2 History of Metabolism, Biotransformation I, Biotransformation Il Ch 4,5,6 Hughes
2/8 Chemical Bioactivation, Storage, and Elimination Ch 5, 6 Hughes
2/13 In Class Activity 2 — 2 Movies handouts
2/15 Dose-Response Relationships - Complete Class Activity 2 Ch 3, Hughes
2/20 Quiz 3 Factors Affecting Toxicity Ch 2, 6 Hughes
2/22 Classes of Poisons — Natural Substances handouts
2/27 Exam Mid-Term In Class
3/1 Review Exam/Other
3/13 Classes of Poisons — Synthetic and Drugs Ch 9 Hughes
3/15 Class Activity 3 — Game Show |
3/20 Target Organ Toxicity — Blood, Liver, and Kidney Ch 7 Hughes
3/22 Quiz 4 Target Organ Toxicity — Lung, Nervous System Ch 7 Hughes
3/27 Target Organ Toxicity — Endocrine, Reproductive Ch 7, 8 Hughes
3/29 Mutagenesis, Carcinogenesis Ch 8 Hughes
4/3 Quiz 5 Risk: Perception, Communication, Management, and Regulation handouts
4/5 Movie + Human Health Exposure and Risk Assessment Ch 10 Hughes
4/10 Class Activity 4 — Risk Assessment Exercise handouts
4/12 Movie + Environmental Toxicology Ch 9 Hughes
4/17 Quiz 6 Environmental Toxicology, cont. handouts
4/19 Class Activity 5 — Game Show |l
4/24 Case Study Evaluation: Air Pollution, DDT, Oil Spills handouts
4/26 Class Activity 6 - Critical Review of Literature handouts
5/8 Exam FINAL (1-4PM) Open Notes/Book

PERFORMANCE EVALUATION
A. Class Participation:

1) Attendance: Unexcused absences in excess of three will be used to deduct from the class participation grade at a rate

of 10 pts/absence, up to a maximum of 50 pts.
2) Presentation: a) Find a recent article on the web/newspaper/journal relating toxicology and of interest to you, b) Read
it, ¢) Understand it (you may have to do a little research here), Present it to the class (describe what it is about). Must

explicitly describe at least four aspects of toxicology related to this course, e.g., exposure (who, how, where, route), health

outcomes, target organs, mechanism of action, risk numbers (who, what), etc. Worth 50 pts if 4 aspects addressed,
otherwise adjusted accordingly. Opportunities for extra credit (+25pts-Jan, +15 pts-Feb, +10 pts-Mar).
3) Activities: Six in-class activities (low dropped), 20 pts each (total 100 pts), opportunities for extra credit (10-25pts).

B. Homework: Assignments correspond to reading and lecture material, 10 pts each (total 100 pts). The following is the
schedule. No late homework will be accepted without a well documented excuse.

Hughes Chapter Date Due Hughes Chapter Date Due
1 1/16 3 2/15

2 1/30 9 3/13

4 2/1 7 3/20

5 2/6 8 3/29

6 2/8 10 4/5

C. Quizzes: Six quizzes will be administered during the lecture hour worth 40 pts a piece (low dropped, total 200 pts)

D. Examinations: One midterm exam will be given during the lecture hour, covering about 1/2 of the course material (200
pts). Makeup exams will only be given with a valid, well-documented excuse and must be completed within one week
from the scheduled exam date. There will be a cumulative final examination (300 pts), no makeup.

GRADING
Point and Percent Summary Final letter grade determined as follows
Points Percent (%) A+ =970-1000 B- =795-814 D= 615-674
A. Class Participation 200 20 A = 915-969 C+ =775-794 D- = 595-614
B. Homework 100 10 A- =895-914 C =715-774 F = <595
C. Quizzes 200 20 B+ =875-894 C- =695-714
D. Midterm Exam 200 20 B =815-874 D+ = 675-694
Final Exam 300 30




Appendix B

Copy of Survey



Survey Instructions

Rank the following (1-10, with 1 being the highest risk, use all numbers 1 through 10) based on YOUR
perception of risk associated with the following activities:

a) ___ Consumption of alcoholic beverages
b) __ An X-ray of your chest

c) ___ Agricultural pesticide usage

d) __ Driving a motor vehicle

e) ___ Smoking tobacco products

f) ___ Driving a motorcycle

g) ___ Workingin a coal mine

h) _ Undergoing surgery in a hospital

i) ___ Hanggliding

j) Living within 5 miles of a nuclear power plant



Appendix C

Excel Data



undergoin living within 5
Consumption Agricultural smoking g surgery miles of a
of alcoholic An X-ray of [pesticide Driving a tobacco |drivinga |workingina |ina hang nuclear power
Last Name First Name Middle name Gender |Class [Major [Degree [Program [Semester |Section |[YEAR|When |correct| beverages your chest [usage motor vehicle [products |motorcycle|coal mine hospital |gliding |plant
ALLBRITTON JENNA LOUISE F FR LAP BA CHASS FALL 1| 2004|PRE |yes 9 3 8 7 2 6 1 5 10 4
ANNAS MICHAEL DAVID M SR PSY BA CHASS FALL 1| 2004|PRE [yes 8 4 1 10 9 6 2 7 5 3
BEASLEY JAMES ARLIS M SO FYC DUAP FALL 1| 2004|PRE |yes 6 5 3 8 4 9 2 7 10 1
BOWER KELLEY FRANCES F SO BLS BS CALS FALL 1| 2004|PRE [yes 5 7 6 1 4 2 3 8 9 10
CAMILLACI JULIE ANN F JR BUS BS MGMT FALL 1| 2004|PRE |yes 10 4 5 6 1 7 3 8 9 2
CARNEY CHRISTOPHER THOMAS M SO BLS BS CALS FALL 1| 2004|PRE [yes 6 10 8 5 4 2 3 7 1 9
CAUTHEN ANNA LEA F SO ACR BS CALS FALL 1| 2004|PRE |yes 8 3 5 10 1 6 2 7 9 4
CHASTAIN SEAN MICHAEL M JR TRU COE FALL 1| 2004|PRE [yes 6 7 5 10 2 8 1 3 4 9
CHRISTIAN BRANDON JAMES M SR LAH BA CHASS FALL 1| 2004|PRE |yes 7 8 10 4 5 1 6 3 2 9
CLARK IAN THOMAS M SO LAH BA CHASS FALL 1| 2004|PRE [yes 9 6 2 10 1 5 3 8 7 4
COWHEY KRISTIN MARIE F SO FYC DUAP FALL 1| 2004|PRE |yes 4 7 5 9 1 3 2 10 8 6
CREWS KEAH ELIZABETH F JR LAP BA CHASS FALL 1| 2004|PRE [yes 7 10 8 5 2 4 1 9 6 3
DOROSHENKO JUSTIN DANIEL M FR PRT BS CNR FALL 1| 2004|PRE |yes 9 7 6 2 5 3 1 4 10 8
FERRELL JENNIFER ANN F SO LTN BA CHASS FALL 1| 2004|PRE [yes 10 6 2 8 3 7 1 5 9 4
FLOYD STEPHEN LEE M SO ACC BS MGMT FALL 1| 2004|PRE |yes 4 9 7 2 3 1 5 10 6 8
GENTRY SAMUEL HAMLIN M SO BUS BS MGMT FALL 1| 2004|PRE [yes 7 8 9 10 6 5 1 3 4 2
HARRIS NICHOLAS DAVID M SP UGS ND NCSU FALL 1| 2004|PRE |yes 7 8 6 10 2 3 1 4 9 5
HEARD ASHLEY CHRISTINE F SP UGS ND NCSU FALL 1| 2004|PRE [yes 10 9 7 8 1 3 2 4 6 5
HUFF CARLA LEANN F SR LSW B CHASS FALL 1| 2004|PRE |yes 6 10 7 3 5 2 4 1 9 8
IVEY RICHARD KEITH M SO FYC DUAP FALL 1| 2004|PRE [yes 8 7 10 4 6 3 2 5 1 9
JAYNES JESSICA LAUREN F JR BLS BS CALS FALL 1| 2004|PRE |yes 6 10 9 2 5 1 7 4 3 8
JUDD MELISSA DANIELLE F SR BUS BS MGMT FALL 1| 2004|PRE [yes 5 9 6 3 4 1 2 8 7 10
KENDALL AARON EDWARD M JR FYC DUAP FALL 1| 2004|PRE |yes 3 10 9 1 4 2 5 6 7 8
KISER AMY VIRGINIA F SR BAD B DN FALL 1| 2004|PRE [yes 5 7 4 6 8 3 1 2 10 9
KLUTTZ LEANNA BETH F SO LRT BA CHASS FALL 1| 2004|PRE |yes 6 10 7 4 1 3 8 9 5 2
KUE HERKONG ? SR BUS BS MGMT FALL 1| 2004|PRE [yes 1 10 9 2 3 8 4 5 6 7
KWONG CHI FUNG ? SR LCM BA CHASS FALL 1[ 2004|PRE |yes 8 9 6 3 7 2 5 4 1 10
LARSON ERIC BRUCE M JR ST BS PAMS FALL 1| 2004|PRE [yes 5 8 10 4 9 1 6 2 7 3
LEE DARYL EDWARDS M SR LSP BS CHASS FALL 1[ 2004|PRE |yes 10 9 7 2 1 3 5 4 6 8
LEHMAN MATTHEW CORRELL M FR L CHASS FALL 1| 2004|PRE [yes 3 10 7 6 2 5 1 4 9 8
LINEBERRY AMY MICHELLE F SR LLJ BA CHASS FALL 1| 2004|PRE |yes 3 7 6 5 8 4 9 1 2 10
LUCAS KATHERINE ALEXANDRIA F SO PSY BA CHASS FALL 1| 2004|PRE [yes 9 5 6 10 1 8 2 4 7 3
MCCOLLUM BEAU DUGAN ? SR SMB BS CALS FALL 1[ 2004|PRE |yes 7 4 6 10 3 5 1 9 2 8
PEERY JOSHUA GEORGE M JR LAN BA CHASS FALL 1| 2004|PRE [yes 7 8 9 4 6 1 3 2 5 10
PORTAL RYAN ANTHONY M SO ACC BS MGMT FALL 1[ 2004|PRE |yes 6 9 8 4 5 1 3 2 10 7
RANCK LINDSEY ANNE F JR LCP BA CHASS FALL 1| 2004|PRE [yes 3 7 5 1 2 4 6 9 8 10
REED ALEXANDER DUNCAN M JR ACC BS MGMT FALL 1[ 2004|PRE |yes 10 5 4 9 1 7 2 6 8 3
SHAUL JILL MICHELLE F SO ACR BS CALS FALL 1| 2004|PRE [yes 6 3 4 10 7 9 8 2 1 5
SILVIA MEGAN MARIE F SO BLS BS CALS FALL 1[ 2004|PRE |yes 9 8 6 5 2 3 4 7 10 1
SIMMONS WILLIAM MATTHEW M SR LIT BA CHASS FALL 1| 2004|PRE [yes 8 9 6 2 3 1 5 7 4 10
SIMPSON COURTNEY NICHOLE F SR LCM BA CHASS FALL 1[ 2004|PRE |yes 1 7 8 2 9 3 5 4 6 10
SLATER KIMBERLY JANE F SO BCH BS PAMS FALL 1| 2004|PRE [yes 1 9 8 4 2 5 3 7 6 10
STALLINGS MELISSA DIANNE F SO SED BS CED FALL 1[ 2004|PRE |yes 9 10 6 2 5 1 3 4 7 8
THORPE MARIAH ANN F JR LTN BA CHASS FALL 1| 2004|PRE [yes 5 10 3 9 4 8 2 6 7 1
TURNER ZACHARY LARS M SO LAP BA CHASS FALL 1[ 2004|PRE |yes 7 6 4 5 1 2 3 9 8 10
VASQUEZ LEAH MARIE F SP UGS ND NCSU FALL 1| 2004|PRE [yes 3 4 9 10 2 5 1 7 8 6
WILKERSON LOUIS REAMS M SP UGS ND NCSU FALL 1[ 2004|PRE |yes 4 8 6 5 2 3 1 9 7 10
WOTRING JENNIFER MARIE F JR ACC BS MGMT FALL 1| 2004|PRE [yes 8 10 3 6 1 5 2 9 4 7
YUAN LESLIE H F SP UGS ND NCSU FALL 1[ 2004|PRE |yes 4 2 6 9 1 7 3 8 10 5
MODE 49 6 10 6 10 1 3 1 4 7 10
MEAN 49 6.29 7.37 6.27 5.65 3.59 4.02 3.18 5.67 6.43 6.53
MEDIAN 49 6 8 6 5 3 3 3 6 7 8
GENDER MEANS COUNT
MEAN WOMEN 25 6.08 7.08 5.96 5.80 3.28 4.40 3.40 5.92 7.04 6.04
MEAN MEN 21 6.67 7.67 6.52 5.57 3.86 3.43 2.90 5.33 6.19 6.86
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PROGRAM MEANS COUNT

MEAN CALS 7 6.71 6.43 6.29 6.14 3.71 4.00 4.00 6.29 5.00 6.43
MEAN CED 1 9.00 10.00 6.00 2.00 5.00 1.00 3.00 4.00 7.00 8.00
MEAN CHASS 19 6.63 7.58 5.89 5.26 3.79 3.95 3.79 5.32 6.11 6.68
MEAN CNR 1 9.00 7.00 6.00 2.00 5.00 3.00 1.00 4.00 10.00 8.00
MEAN COE 1 6.00 7.00 5.00 10.00 2.00 8.00 1.00 3.00 4.00 9.00
MEAN DN 1 5.00 7.00 4.00 6.00 8.00 3.00 1.00 2.00 10.00 9.00
MEAN DUAP 4 5.25 7.25 6.75 5.50 3.75 4.25 2.75 7.00 6.50 6.00
MEAN MGMT 8 6.38 8.00 6.38 5.25 3.00 4.38 2.75 6.38 6.75 5.75
MEAN NCSU 5 5.60 6.20 6.80 8.40 1.60 4.20 1.60 6.40 8.00 6.20
MEAN PAMS 2 3.00 8.50 9.00 4.00 5.50 3.00 4.50 4.50 6.50 6.50
MEAN TEX 0

DEGREE MEANS COUNT

MEAN B 2 5.50 8.50 5.50 4.50 6.50 2.50 2.50 1.50 9.50 8.50
MEAN BA 16 6.69 7.19 5.69 5.56 4.00 4.06 3.88 5.75 5.75 6.44
MEAN BS 20 6.60 7.60 6.60 4.95 3.60 3.80 3.40 5.80 6.25 6.40
MAJOR MEANS COUNT

MEAN A 0

MEAN ABM 0

MEAN ABY 0

MEAN ACC 4 7.00 8.25 5.50 5.25 2.50 3.50 3.00 6.75 7.00 6.25
MEAN ACF 0

MEAN ACM 0

MEAN ACR 2 7.00 3.00 4.50 10.00 4.00 7.50 5.00 4.50 5.00 4.50
MEAN AE 0

MEAN AEC 0

MEAN AET 0

MEAN AEU 0

MEAN AEX 0

MEAN ANY 0

MEAN APY 0

MEAN BAD 1 5.00 7.00 4.00 6.00 8.00 3.00 1.00 2.00 10.00 9.00
MEAN BBM 0

MEAN BCH 1 1.00 9.00 8.00 4.00 2.00 5.00 3.00 7.00 6.00 10.00
MEAN BGD 0

MEAN BID 0

MEAN BL 0

MEAN BLA 0

MEAN BLS 4 6.50 8.75 7.25 3.25 3.75 2.00 4.25 6.50 5.75 7.00
MEAN BMU 0

MEAN BSN 0

MEAN BUS 4 5.75 7.75 7.25 5.25 3.50 5.25 2.50 6.00 6.50 5.25
MEAN CE 0

MEAN CEU 0

MEAN CH 0

MEAN CHA 0

MEAN CHE 0

MEAN CMU 0

MEAN CPU 0

MEAN CSC 0

MEAN CSU 0

MEAN EC 0

MEAN EDU 0

MEAN ELM 0

MEAN ENE 0

MEAN ENU 0

MEAN ET 0

MEAN EU 0

MEAN FOM 0

MEAN FYC 4 5.25 7.25 6.75 5.50 3.75 4.25 2.75 7.00 6.50 6.00
MEAN GYS 0

MEAN IAS 0
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MEAN IEF 0
MEAN IS 0
MEAN L 1 3.00 10.00 7.00 6.00 2.00 5.00 1.00 4.00 9.00 8.00
MEAN LAA 0
MEAN LAF 0
MEAN LAH 2 8.00 7.00 6.00 7.00 3.00 3.00 4.50 5.50 4.50 6.50
MEAN LAL 0
MEAN LAM 0
MEAN LAN 1 7.00 8.00 9.00 4.00 6.00 1.00 3.00 2.00 5.00 10.00
MEAN LAP 3 7.67 6.33 6.67 5.67 1.67 4.00 1.67 7.67 8.00 5.67
MEAN LAS 0
MEAN LCC 0
MEAN LCD 0
MEAN LCM 2 4.50 8.00 7.00 2.50 8.00 2.50 5.00 4.00 3.50 10.00
MEAN LCP 1 3.00 7.00 5.00 1.00 2.00 4.00 6.00 9.00 8.00 10.00
MEAN LCW 0
MEAN LFM 0
MEAN LIP 0
MEAN LIT 1 8.00 9.00 6.00 2.00 3.00 1.00 5.00 7.00 4.00 10.00
MEAN LLJ 1 3.00 7.00 6.00 5.00 8.00 4.00 9.00 1.00 2.00 10.00
MEAN LPA 0
MEAN LPL 0
MEAN LPM 0
MEAN LRS 0
MEAN LRT 1 6.00 10.00 7.00 4.00 1.00 3.00 8.00 9.00 5.00 2.00
MEAN LSP 1 10.00 9.00 7.00 2.00 1.00 3.00 5.00 4.00 6.00 8.00
MEAN LSW 1 6.00 10.00 7.00 3.00 5.00 2.00 4.00 1.00 9.00 8.00
MEAN LTH 0
MEAN LTN 2 7.50 8.00 2.50 8.50 3.50 7.50 1.50 5.50 8.00 2.50
MEAN LTP 0
MEAN LWE 0
MEAN LWR 0
MEAN M 0
MEAN MA 0
MEAN MEU 0
MEAN MKE 0
MEAN MSL 0
MEAN MY 0
MEAN NRE 0
MEAN NRP 0
MEAN NSE 0
MEAN PGM 0
MEAN PMU 0
MEAN PRT 1 9.00 7.00 6.00 2.00 5.00 3.00 1.00 4.00 10.00 8.00
MEAN PSY 2 8.50 4.50 3.50 10.00 5.00 7.00 2.00 5.50 6.00 3.00
MEAN PY 0
MEAN SAS 0
MEAN SBO 0
MEAN SCR 0
MEAN SED 1 9.00 10.00 6.00 2.00 5.00 1.00 3.00 4.00 7.00 8.00
MEAN SFF 0
MEAN SFS 0
MEAN SFW 0
MEAN SMB 1 7.00 4.00 6.00 10.00 3.00 5.00 1.00 9.00 2.00 8.00
MEAN SMT 0
MEAN ST 1 5.00 8.00 10.00 4.00 9.00 1.00 6.00 2.00 7.00 3.00
MEAN STS 0
MEAN SZ0 0
MEAN T 0
MEAN T 0
MEAN TAC 0
MEAN TAT 0
MEAN TED 0
MEAN TGC 0
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MEAN THL 0
MEAN TP 0
MEAN TRU 1 6.00 7.00 5.00 10.00 2.00 8.00 1.00 3.00 4.00 9.00
MEAN TSS 0
MEAN TXM 0
MEAN UGS 5 5.60 6.20 6.80 8.40 1.60 4.20 1.60 6.40 8.00 6.20
MEAN WGS 0
MEAN WP 0
7 Science Mean 6.14 8.29 7.00 4.14 3.57 2.71 3.43 6.57 5.43 7.71
42 Non Science Mean 6.31 7.21 6.14 5.90 3.60 4.24 3.14 5.52 6.60 6.33
CLASS MEANS COUNT
MEAN SP 5 5.60 6.20 6.80 8.40 1.60 4.20 1.60 6.40 8.00 6.20
MEAN FR 3 7.00 6.67 7.00 5.00 3.00 4.67 1.00 4.33 9.67 6.67
MEAN SO 18 6.67 7.11 5.89 6.17 3.17 417 3.22 6.33 6.56 5.72
MEAN JR 11 6.36 8.09 6.36 5.18 3.36 4.36 3.45 5.82 6.18 5.82
MEAN SR 12 5.75 7.75 6.33 4.33 5.42 3.25 4.08 4.58 5.00 8.50



danielc
Text Box
4


ABSOLUTE DIFFERENCE

c - ~ o — o — < o~ o o o~ o~ o 0 o o %)
= c ! !
£ o
s - o
N
K =
g”me
EEQC 2
= > O
=m0 C QO
=) ™ [ < [ 1._ o~ < © — o © ™ ™ o o o~
c
5
k=)
=)
c
]
e
p o~ ] o — o~ ™ — ™ o~ — o — o~ o~ o —
o 1 1 1 1 ' ' ' '
£ &
(@] —
D28
o 935
s 2a
S S5 0o
S n £
© o o < o o~ o~ 1._ o ™ — — — 1__ 1__ o ™
S o
o £
£ E
=T
Q o
Es)
o BN NN RN RN R EEEE N EEN RN R EEEEEEEE
© S
o ©
£5
j=t
2 0
S E
NN E RN EEEE RN RN RS R R R EE R
[e)) [2]
£838%6
X O 35
C 8 O
£8 9
» 2 a
BRI SR R R (1 1 B £ B N e 1 S B e 1 ) B B Bl ] B e e N B R R ) 1 B e B R R S I B S T
©
o, o
£580
28 <
= ()
[S R
_ ™ o 1__ — 1__ ™ — < () — < Y () — < ©
.
S o
E=e]
300
LS o
S ®
D0 0»
< a >
— 15) o o~ ™ ] ™ 1_. ™ o 1_. ™ o~ o < — ™
o +
[%]
we
<
T O
x5
S o
<< >
o ™ ] o ] ] T} o~ — T} ™ o~ — — [ N <
2 2 ; ; ] ) ] h ) h \
IS Lo
S o ®
%) £ 5
C = 0 3
Q0O gy
O c®a



danielc
Text Box
5


VALUE DECREASED, GREATER PERCEIVED RISK

living within
5 miles of a
nuclear

hang gliding |power plant

undergoing

hospital
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driving a

motorcycle |coal mine

smoking
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products

Driving a
motor

vehicle

Agricultural

usage

An X-ray of |pesticide

your chest
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beverages
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VALUE INCREASED, LESS PERCEIVED RISK
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NO CHANGE IN VALUE, NO CHANGE IN PERCEIVED RISK

living within
5 miles of a
nuclear

hang gliding |power plant

undergoing

hospital

working in a |surgery in a

driving a

motorcycle |coal mine

smoking
tobacco

products

Driving a
motor

vehicle

Agricultural

usage
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ALL STUDENTS

weighted mean change

unweighted mean change

stdev change

Mode change

count decrease / greater risk

count increase / lesser risk

count nochange

sign test p-value

count total

absolute difference

FEMALE STUDENTS

weighted mean change
unweighted mean change
stdev change

count decrease / greater risk
count increase / lesser risk
count nochange

sign test p-value

count total

MALE STUDENTS

weighted mean change
unweighted mean change
stdev change

count decrease / greater risk
count increase / lesser risk
count nochange

sign test p-value

count total

living within
Consumption Agricultural smoking undergoing 5 miles of a
of alcoholic An X-ray of [pesticide Driving a tobacco drivinga |workingina |surgeryina nuclear
beverages your chest [usage motor vehicle |products motorcycle |coal mine hospital hang gliding power plant
-0.78 -0.018 -0.0041 -0.67 -1.54 0.057 0.34 0.45 0.80 1.36
-0.7885 -0.0017 0.0331 -0.7014 -1.5128 0.0024 0.3458 0.4710 0.7952 1.3655
3.2637 2.7364 3.0582 3.2213 2.7419 2.8550 2.7171 2.8889 3.1630 3.3001
0.0000 0.0000 -1.0000 7.0000 0.0000 -2.0000 -1.0000 1.0000 -3.0000 0.0000
526 391 437 484 602 405 328 366 326 248
321 381 421 355 171 427 453 485 515 539
134 209 123 142 208 149 200 130 140 194
1.88E-12 7.46E-01 6.09E-01 9.54E-06 4.91E-57| 4.67E-01 8.75E-06 5.10E-05 7.54E-11 1.33E-25
981 981 981 981 981 981 981 981 981 981
-205 -10 -16 -129 -431 22 125 119 189 291
living within
Consumption Agricultural smoking undergoing 5 miles of a
of alcoholic An X-ray of [pesticide Driving a tobacco drivinga |workingina |surgeryina nuclear
beverages your chest |usage motor vehicle [products motorcycle |coal mine hospital hang gliding power plant
-0.9806 -0.1380 0.0944 -0.8717 -1.5521 0.1090 0.5278 0.4165 0.7893 1.6053
-1.0293 -0.1050 0.1485 -0.8709 -1.5402 0.0872 0.5145 0.4468 0.7848 1.5637
3.2483 2.8132 3.1077 3.2122 2.6799 2.7684 2.8732 2.8771 3.2033 3.2008
240 176 186 209 255 170 129 160 136 91
124 155 186 152 66 176 203 211 214 254
49 82 41 52 92 67 81 42 63 68
1.215E-09| 2.716E-01| 1.041E+00 3.151E-03 2.344E-27( 1.293E+00 5.775E-05 9.343E-03 3.601E-05 5.888E-19
413 413 413 413 413 413 413 413 413 413
living within
Consumption Agricultural smoking undergoing 5 miles of a
of alcoholic An X-ray of [pesticide Driving a tobacco drivinga |workingina [surgeryina nuclear
beverages your chest [usage motor vehicle |products motorcycle |coal mine hospital hang gliding power plant
-0.6307 0.0420 -0.0530 -0.5046 -1.5174 0.0457 0.1956 0.4954 0.8026 1.1353
-0.6035 0.0314 -0.0304 -0.4978 -1.4987 0.0180 0.1764 0.5292 0.7924 1.0995
3.2454 2.5847 2.9431 3.1193 2.7115 2.8161 2.5269 2.8519 3.0365 3.2551
275 206 239 264 334 221 190 199 183 153
189 215 227 197 99 244 240 264 290 273
83 126 81 86 114 82 117 84 74 121
7.606E-05| 1.374E+00| 6.104E-01 2.079E-03 7.334E-31| 1.734E+00 1.803E-02 2.896E-03 9.891E-07 6.514E-09
547 547 547 547 547 547 547 547 547 547
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SCIENCE MAJORS

weighted mean change
unweighted mean change
stdev change

count decrease / greater risk
count increase / lesser risk
count nochange

sign test p-value

count total

NON-SCIENCE MAJORS

weighted mean change
unweighted mean change
stdev change

count decrease / greater risk
count increase / lesser risk
count nochange

sign test p-value

count total

living within
Consumption Agricultural smoking undergoing 5 miles of a
of alcoholic An X-ray of [pesticide Driving a tobacco drivinga |workingina |surgeryina nuclear
beverages your chest [usage motor vehicle |products motorcycle |coal mine hospital hang gliding power plant
-0.7820 0.0609 -0.0758 -0.4756 -1.5244 -0.1133 0.2950 0.5870 0.9666 1.0550
-0.8067 0.0413 -0.0744 -0.5605 -1.5853 -0.1134 0.3299 0.6109 1.0132 1.1452
3.2242 2.8319 2.9307 3.1158 2.7271 2.7897 2.7891 2.7710 3.1862 3.1766
116 84 106 97 132 91 79 74 59 52
69 90 85 84 38 83 93 105 111 107
26 37 20 30 41 37 39 32 41 52
6.782E-04| 1.404E+00 1.477E-01 3.725E-01 2.310E-13| 5.958E-01 3.216E-01 2.467E-02 8.152E-05 1.538E-05
211 211 211 211 211 211 211 211 211 211
living within
Consumption Agricultural smoking undergoing 5 miles of a
of alcoholic An X-ray of [pesticide Driving a tobacco drivinga |workingina [surgeryina nuclear
beverages your chest |usage motor vehicle [products motorcycle |coal mine hospital hang gliding power plant
-0.7025 -0.0434 0.0135 -0.7266 -1.5379 0.0891 0.3468 0.4120 0.7577 1.4629
-0.6678 -0.0432 0.0378 -0.7563 -1.5020 0.0320 0.3502 0.4124 0.7655 1.4727
3.2209 2.6782 3.0745 3.2258 2.6866 2.8571 2.6956 2.8673 3.1366 3.3070
405 305 328 385 466 314 248 291 264 192
250 288 332 267 132 337 356 375 401 430
108 170 103 111 165 112 159 97 98 141
1.496E-09| 5.112E-01| 1.154E+00 4.350E-06 1.279E-44| 1.653E+00 1.273E-05 1.282E-03 1.211E-07 6.397E-22
763 763 763 763 763 763 763 763 763 763

10
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FRESHMAN

weighted mean change
unweighted mean change
stdev change

count decrease / greater risk
count increase / lesser risk
count nochange

sign test p-value

count total

SENIORS

weighted mean change
unweighted mean change
stdev change

count decrease / greater risk
count increase / lesser risk
count nochange

sign test p-value

count total

living within
Consumption Agricultural smoking undergoing 5 miles of a
of alcoholic An X-ray of [pesticide Driving a tobacco drivinga |workingina |surgeryina nuclear
beverages your chest [usage motor vehicle |products motorcycle |coal mine hospital hang gliding |power plant
-0.9595 0.3378 -0.3514 -1.1622 -1.5405 0.1486 0.8243 0.0946 1.2432 1.3649
-1.3851 0.0845 -0.5259 -0.8325 -2.0088 0.6760 0.8413 0.0401 1.3555 1.7549
3.1891 2.3955 2.9845 3.3547 2.5221 2.6323 2.7603 2.7048 2.1758 2.9145
46 26 38 40 43 33 20 29 17 17
21 31 28 25 13 35 42 34 39 42
7 17 8 9 18 6 12 11 18 15
3.065E-03[ 1.573E+00( 2.678E-01 8.168E-02 7.333E-05( 1.284E+00 7.149E-03 6.147E-01 4.562E-03 1.547E-03
74 74 74 74 74 74 74 74 74 74
living within
Consumption Agricultural smoking undergoing 5 miles of a
of alcoholic An X-ray of [pesticide Driving a tobacco drivinga |workingina [surgeryina nuclear
beverages your chest |usage motor vehicle [products motorcycle |coal mine hospital hang gliding power plant
-0.8902 -0.1059 0.2196 -0.5373 -1.7922 0.2980 0.1961 0.5725 0.7882 1.2510
-1.0425 -0.0657 0.2642 -0.6100 -1.8764 0.1942 0.0711 0.8405 0.9344 1.2901
3.0680 2.8473 2.9125 3.0771 2.7443 2.7920 2.9117 3.2192 3.0412 3.3010
147 107 108 121 167 97 95 93 92 79
78 96 116 96 39 118 114 133 128 134
30 52 31 38 49 40 46 29 35 42
4.94055E-06| 0.4828574| 1.4522889| 0.103046005| 4.61127E-20| 1.8666741| 0.213000558| 0.009328368| 0.018087739| 0.000200149
255 255 255 255 255 255 255 255 255 255

11
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Fractions of total weighted means

Consu
mption
of Agricul
alcohol| An X- [tural
ic ray of |pestici
bevera| your [de
ges | chest |usage

smokin

9
Driving |tobacc |driving
a o] a
motor |produc [ motorc
vehicle [ts ycle

underg
oing
workin [surger
gina |yina
coal hospita|hang
mine || gliding

living
within
5 miles
ofa
nuclear
power
plant

FEMALES

Fall 2004 Sec 1

0.37] 0.43[ 0.36

0.35| 0.20{ 0.27

0.21) 0.36f 0.43

0.37

Fall 2005 Sec 1

0.40( 0.46| 0.44

0.32( 0.22] 0.27

0.25| 0.32| 0.38

0.40

Fall 2005 Sec 2

0.43] 0.53[ 0.49

0.40| 0.27{ 0.33

0.30) 0.39( 0.46

0.39

Spring 2006 Sec 1

0.40| 0.45| 0.34

0.30] 0.21] 0.23

0.20] 0.32| 0.38

0.37

Spring 2006 Sec 2

0.40] 0.53f 0.35

0.42] 0.22( 0.38

0.26] 0.47( 047

0.36

Fall 2006 Sec 1

0.48| 0.60[ 0.45

0.48[ 0.29] 0.36

0.21f 0.39] 041

0.34

Fall 2006 Sec 2

0.34] 0.41f 0.30

0.29] 0.23[f 0.23

0.15] 0.31f 0.31

0.23

Spring 2007 Sec 2

0.47( 0.55| 0.38

0.44] 0.32] 0.32

0.27 0.43] 042

0.39

Spring 2007 Sec 3

0.44| 0.54 0.38

0.44| 0.26f 0.33

0.21) 0.41f 0.36

0.23

Fall 2007 Sec 1

0.72] 0.79{ 0.62

0.65| 0.42( 047

0.41] 0.62[ 0.75

0.55

Fall 2007 Sec 2

0.67[ 0.86] 0.60

0.69[ 0.38] 0.49

0.24 0.61] 0.61

0.44

Spring 2008 Sec 1

0.51] 0.62( 041

0.39] 0.27f 0.26

0.23] 0.44| 044

0.42

Spring 2008 Sec 2

0.83 1.03] 0.77

0.77f 0.56] 0.55

0.44( 0.81] 0.83

0.62

MALES

Fall 2004 Sec 1

0.26[ 0.29] 0.25

0.21f 0.15] 0.13

0.11f 0.20] 0.24

0.26

Fall 2005 Sec 1

0.28] 0.43[ 0.32

0.28] 0.18f 0.22

0.18) 0.31f 0.27

0.34

Fall 2005 Sec 2

0.29 0.40| 0.36

0.24 0.18] 0.18

0.17( 0.27] 0.29

0.34

Spring 2006 Sec 1

0.60) 0.69( 047

0.48] 0.38f 0.43

0.31) 0.51f 0.52

0.54

Spring 2006 Sec 2

0.57[ 0.65| 0.50

057 0.33] 0.35

0.22 0.52| 042

0.49

Fall 2006 Sec 1

0.46] 0.57( 043

0.40) 0.27{ 0.28

0.21) 0.35[ 0.36

0.41

Fall 2006 Sec 2

0.51 0.60| 0.46

0.51f 0.27] 0.33

0.23[ 0.51] 0.39

0.40

Spring 2007 Sec 2

0.42] 0.50( 041

0.36| 0.31f 0.27

0.29] 0.32f 0.38

0.45

Spring 2007 Sec 3

0.47( 0.59| 044

0.45[ 0.26] 0.32

0.20f 0.49] 041

0.39

Fall 2007 Sec 1

0.59] 0.66{ 0.53

0.49] 0.32 0.30

0.27] 0.46]/ 0.44

0.46

Fall 2007 Sec 2

0.61f 0.73] 0.58

0.63[ 0.40| 0.5

0.32[ 0.56| 0.56

0.58

Spring 2008 Sec 1

0.69] 0.74 0.56

0.60) 0.40( 0.42

0.31) 0.55[ 048

0.58

Spring 2008 Sec 2

0.90f 0.97] 0.70

0.71f 0.55| 0.48

0.39[ 0.68] 0.68

0.77

Females

Consumption of

Agricultural pesticide

smoking tobacco

undergoing surgery in a

living within 5 miles of a

alcoholic beverages An X-ray of your chest |usage Driving a motor vehicle |products driving a motorcycle working in a coal mine |hospital hang gliding nuclear power plant

4| 0.34|F 3] 0.41|F 2| 0.30|F 4] 0.29|F 4] 0.20|F 4] 0.23|F 2| 0.15]|F 4 031|F 4 031|F 1| 0.23[F
5| 0.37|F 4] 0.43|F 4] 0.34|F 5| 0.30|F 5| 0.21|F 5| 0.23|F 5| 0.20|F 5| 0.32|F 6] 0.36|F 2| 0.23|F
6/ 0.40|F 6] 0.45|F 5| 0.35|F 6] 0.32|F 6] 0.22|F 6] 0.26|F 7] 0.21|F 7] 0.32|F 7| 0.38|F 5| 0.34|F
7| 0.40|F 7| 0.46|F 7] 0.36|F 7| 0.35|F 7] 0.22|F 7] 0.27|F 9] 0.21|F 9| 0.36|F 9] 0.38|F 7| 0.36|F
8| 0.40|F 9| 0.53|F 8| 0.38|F 9| 0.39|F 8| 0.23|F 8| 0.27|F 10 O0.21|F 10 0.39|F 11 O0.41|F 8| 0.37|F
10| 0.43|F 10 0.53|F 9| 0.38]F 11( 0.40|F 9| 0.26|F 12 0.32|F 12 0.23|F 11 0.39|F 14 0.42|F 9] 0.37|F
11| 0.44|F 11| 0.54|F 10 O0.41|F 12 0.42|F 12 0.27|F 14 0.33|F 14 0.24|F 12 0.41|F 15[ 0.43|F 10 O0.39|F
14 0.47|F 12 0.55|F 14 0.44|F 13 0.44|F 13 0.27|F 15 0.33[F 15 0.25|F 13 0.43|F 17 0.44|F 12 0.39|F
15| 0.48|F 15[ 0.60|F 15[ 0.45|F 14 0.44|F 15[ 0.29|F 18 0.36|F 16 0.26|F 14 0.44|F 18 O0.46|F 14 0.40|F
17 0.51|F 17 0.62|F 18 0.49|F 17 0.48|F 18 0.32[F 19 0.38[F 18 0.27|F 16 0.47|F 19 0.47|F 16 0.42|F
22| 0.67|F 23| 0.79|F 23| 0.60[F 23| 0.65(F 21| 0.38[F 23| 0.47(F 20| 0.30[F 23| 0.61|F 23| 0.61|F 17 0.44|F
24| 0.72|F 24| 0.86[F 24| 0.62[F 24| 0.69(F 24| 0.42[F 25| 0.49(F 25| 0.41F 24| 0.62[F 25| 0.75[F 22| 0.55[F
25| 0.83|F 26| 1.03[F 26| 0.77|F 26| 0.77[F 26| 0.56(F 26| 0.55(F 26| 0.44|F 26| 0.81|F 26| 0.83|F 25| 0.62[F

168 =R1 167 =R1 165 =R1 171 =R1 168 =R1 182 =R1 179 =R1 174 =R1 194 =R1 148 =R1

13 =N1 13 =N1 13 =N1 13 =N1 13 =N1 13 =N1 13 =N1 13 =N1 13 =N1 13 =N1

Males
Consumption of Agricultural pesticide smoking tobacco undergoing surgery in a living within 5 miles of a
alcoholic beverages [An X-ray of your chest |usage Driving a motor vehicle |products driving a motorcycle working in a coal mine |hospital hang gliding nuclear power plant

1| 0.26|M 1| 0.29|M 1| 0.25|M 1| 0.21(M 1| 0.15(M 1| 0.13(M 1| 0.11(™Mm 1| 0.20(M 1| 0.24(M 3| 0.26|M
2| 0.28|M 2| 0.40[|M 3] 0.32|M 2| 0.24|M 2| 0.18|M 2| 0.18|M 3] 017|M 2| 0.27|M 2| 0.27|M 4 0.34|M
3| 0.29|M 5| 0.43|M 6| 0.36|M 3| 0.28|M 3| 0.18|M 3| 0.22|M 4 0.18|M 3] 031|M 3| 0.29|M 6] 0.34|M
9| 0.42|M 8| 0.50|M 11| 0.41|M 8| 0.36|M 10 0.26|M 9] 0.27|M 6] 0.20|M 6] 0.32|M 5| 0.36|M 11 0.39|M
12| 0.46|M 13| 0.57|M 12| 0.43|M 10{ 0.40|M 11f 0.27|M 10{ 0.28|M 8] 0.21|M 8| 0.35|M 8| 0.38|M 13 0.40|M
13| 0.47|M 14| 0.59|M 13| 0.44|M 15[ 0.45|M 14 0.27|M 11 0.30|M 11 0.22|M 15[ 0.46|M 10{ 0.39|M 15[ 041|M
16/ 0.51|M 16/ 0.60|M 16/ 0.46|M 16 0.48|M 16 0.31|M 13 0.32|M 13 0.23|M 17 0.49|M 12 0.41|M 18 0.45|M
18| 0.57|M 18| 0.65|M 17 0.47|M 18| 0.49|M 17 0.32|M 16/ 0.33|M 17 0.27|M 18 0.51|M 13 0.42|M 19 0.46|M

12


danielc
Text Box
12


19| 0.59(M 19| 0.66(M 19| 0.50(M 19] 0.51(M 19] 0.33(M 17] 0.35(M 19] 0.29(M 19] 0.51(M 16| 0.44(M 20 0.49|M
20| 0.60|M 20( 0.69|M 20( 0.53|M 20 0.57|M 20( 0.38]|M 20( 0.42]|M 21 0.31|M 20( 0.52|M 20( 0.48|M 21 0.54|M
21| 0.61|M 21 0.73|M 21| 0.56|M 21 0.60|M 22 0.40|M 21 0.43|M 22 0.31|M 21 0.55|M 21 0.52|M 23 0.58|M
23| 0.69|M 22| 0.74]|M 22| 0.58|M 22| 0.63|M 23| 0.40|M 22| 0.45|M 23] 0.32]|M 22| 0.56|M 22| 0.56|M 24 0.58|M
26/ 0.90{M 25 0.97|M 25 0.70|M 25 0.71|M 25 0.55|M 24| 0.48|M 24 0.39|M 25 0.68|M 24 0.68|M 26 0.77|M
183 =R2 184 =R2 186 =R2 180 =R2 183 =R2 169 =R2 172 =R2 177 =R2 157 =R2 203 =R2
13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2
Um= 77(Um= 76(Um= 74({Um= 80(Um= 77(Um= 91(Um= 88(Um= 83(Um= 103|Um= 57
Uf= 92(Uf= 93(Uf= 95(Uf= 89(Uf= 92(Uf= 78(Uf= 81(Uf= 86|Uf= 66 |Uf= 112
U= 77(U= 76(U= 74(U= 80(U= 77(U= 78(U= 81(U= 83(U= 66(U= 57
Meany= 84.5|Meany= 84.5|Meany= 84.5|Meany= 84.5|Meany= 84.5|Meany= 84.5|Meany= 84.5|Meany= 84.5|Meany= 84.5|Meany= 84.5
oy= 19.5 oy= 19.5 oy= 19.5 oy= 19.5 oy= 19.5 oy= 19.5 oy= 19.5 oy= 19.5 oy= 19.5 oy= 19.5
Z score = 2E-06|Z score = 0.436(Z score = 0.538|Z score = 0.231|Z score = 0.385(Z score = 0.333|Z score = 0.179(Z score = 0.077|Z score = 0.949(Z score = 1.41
Z crit (2 tailed) = 1.96(Z crit (2 tailed) = 1.96|Z crit (2 tailed) =  1.96|Z crit (2 tailed) =  1.96|Z crit (2 tailed) =  1.96|Z crit (2 tailed) =  1.96(Z crit (2 tailed) =  1.96|Z crit (2 tailed) =  1.96|Z crit (2 tailed) =  1.96|Z crit (2 tailed) =  1.96

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Fractions of total weighted means
Consu living
mption smokin underg within
of Agricul g oing 5 miles
alcohol| An X- [tural |Driving [tobacc |driving |workin [surger ofa
ic ray of |pestici |a o] a gina |yina nuclear
bevera| your [de motor |produc [motorc |coal hospitalhang [power
ges | chest |usage [vehicle|ts ycle mine |l gliding [plant
FRESHMAN
Fall 2004 Sec 1 0.28] 0.27( 0.28/ 0.20/ 0.12] 0.19( 0.04] 0.18] 0.39] 0.27
Fall 2005 Sec 1 0.61] 0.76) 049 058] 0.23] 062 0.23] 053] 0.61] 0.55
Fall 2005 Sec 2 0.89] 127 096/ 1.04) 043| 086( 062 092 115 0.77
Spring 2006 Sec 1 0.70f 0.64] 047 0.69] 0.27] 047 0.31] 046( 0.66] 0.53
Spring 2006 Sec 2 119 1.74] 126| 143 062 1.00/ 0.69| 132 135] 1.28
Fall 2006 Sec 1 058 0.74] 059( 0.58] 0.30] 047 0.20] 039 0.32] 0.27
Fall 2006 Sec 2 0.23] 0.20f 0.22 0.18] 0.15| 0.09( 0.07] 0.15| 0.15] 0.05
Spring 2007 Sec 2 0.09| 0.14]| 0.08f 0.07] 0.01] 0.04f 0.03] 0.12( 0.05| 0.11
Spring 2007 Sec 3 0.20| 0.24 0.11] 0.22]| 0.20{ 0.15/ 0.05| 0.20]{ 0.07( 0.04
Fall 2007 Sec 1 0.89| 0.96| 0.73[ 0.68] 0.42| 046/ 042 064 0.81] 0.69
Fall 2007 Sec 2 0.50| 041 0.28/ 041] 0.27] 043 0.20f 0.38] 045/ 0.39
Spring 2008 Sec 2 0.38] 0.36) 0.23] 0.34| 0.32] 0.28f 0.23] 0.26] 0.27] 0.30
SENIORS
Fall 2004 Sec 1 0.27] 036 030 0.20/ 0.25| 0.15( 0.19] 0.22]| 0.24] 0.40
Fall 2005 Sec 1 0.24f 0.35| 0.29( 0.26] 0.13] 0.18/ 0.20] 0.21f 0.22] 0.30
Fall 2005 Sec 2 0.27] 0.28( 033/ 0.18] 0.18] 0.13( 0.18/ 0.12| 0.26] 0.22
Spring 2006 Sec 1 0.39( 056] 042 0.29] 0.33] 0.22[ 0.31] 0.40( 0.43] 054
Spring 2006 Sec 2 0.21] 0.22( 0.13[ 0.18] 0.11] 0.13( 0.10f 0.13] 0.13| 0.17
Fall 2006 Sec 1 0.62 0.71] 052 0.49] 037 032 0.28] 047 053] 045
Fall 2006 Sec 2 050/ 057 034 046| 028 041 0.21] 0.51] 0.46| 0.36
Spring 2007 Sec 2 0.57] 072 048/ 054 036] 0.38f 0.29] 0.46| 055/ 0.60
Spring 2007 Sec 3 0.54| 061 047/ 049| 0.29| 035 0.22| 051] 046] 0.37
Fall 2007 Sec 1 053 0.65| 047 048] 0.27] 033 0.31] 049 057 043
Fall 2007 Sec 2 0.62] 081 062 0.66]| 0.39| 044 0.28 0.49| 059| 0.48
Spring 2008 Sec 1 0.56[ 0.58| 042 0.40] 0.37]| 0.27[ 0.27] 0.50( 0.48] 047
Spring 2008 Sec 2 120/ 1.39] 1.06] 110 O0.76] 0.73] 057 116/ 1.14] 1.02

Freshman

Consumption of

Agricultural pesticide

smoking tobacco

undergoing surgery in a

living within 5 miles of a

alcoholic beverages An X-ray of your chest [usage Driving a motor vehicle |products driving a motorcycle working in a coal mine |hospital hang gliding nuclear power plant
1 0.09|F 1 0.14|F 1 0.08|F 1 0.07[F 1 0.01[F 1 0.04[F 1 0.03[F 2 0.12|F 1 0.05[F 1 0.04|F
2| 0.20|F 2| 0.20|F 2| 0.11|F 2| 0.18|F 3| 0.12|F 2| 0.09|F 2| 0.04|F 4 0.15|F 2| 0.07|F 2| 0.05|F
4 0.23|F 4 0.24|F 4 0.22|F 5 0.20[F 5 0.15[F 5 0.15|F 3 0.05|F 5 0.18|F 4 0.15|F 3 0.11|F
8| 0.28|F 5| 0.27|F 5| 0.23|F 7] 0.22|F 7| 0.20|F 8| 0.19|F 4 0.07|F 6] 0.20|F 8| 0.27|F 6] 0.27|F
9| 0.38|F 9| 0.36|F 6] 0.28]F 10 0.34|F 8| 0.23|F 11 0.28|F 9| 0.20|F 9] 0.26|F 9] 0.32|F 7] 0.27|F
11| 0.50|F 10 O0.41|F 7] 0.28]F 12 0.41|F 11 0.27|F 17 0.43|F 10 0.20|F 10 0.38|F 10 0.39|F 8| 0.30|F
17| 0.58|F 15[ 0.64|F 15[ 0.47|F 18| 0.58|F 12 0.27|F 19 0.46|F 13 0.23|F 11 0.39|F 12 0.45|F 12 0.39|F
18| 0.61|F 19 0.74|F 18 0.49|F 19 O0.58|F 15[ 0.30|F 20| 0.47(F 14 0.23|F 14 O0.46|F 20| 0.61|F 18 0.53|F
21| 0.70|F 20| 0.76[F 20| 0.59(F 21| 0.68[F 16/ 0.32|F 21| 047(F 21| 0.31|F 21| 0.53[F 21| 0.66[F 20| 0.55(F
22| 0.89|F 22| 0.96(F 22| 0.73|F 22| 0.69(F 22| 0.42[F 22| 0.62[F 22| 0.42[F 22| 0.64[F 22| 0.81|F 22| 0.69(F
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23| 0.89(F 23] 1.27(F 23] 0.96(F 23] 1.04[F 23] 0.43[F 24| 0.86[F 24| 0.62[F 23] 0.92[F 24] 1.15|F 23] 0.77[F
24| 1.19(F 25| 1.74[F 25| 1.26(F 25| 1.43|F 24] 0.62[F 25| 1.00(F 25| 0.69|F 25| 1.32|F 25| 1.35|F 25| 1.28|F
160 =R1 155 =R1 148 =R1 165 =R1 147 =R1 175 =R1 148 =R1 152 =R1 158 =R1 147 =R1
12 =N1 12 =N1 12 =N1 12 =N1 12 =N1 12 =N1 12 =N1 12 =N1 12 =N1 12 =N1
Seniors
Consumption of Agricultural pesticide smoking tobacco undergoing surgery in a living within 5 miles of a
alcoholic beverages |An X-ray of your chest |usage Driving a motor vehicle |products driving a motorcycle working in a coal mine [hospital hang gliding nuclear power plant
3] 0.21]S 3| 0.22|S 3| 0.13|S 3] 0.18]S 2| 0.11]S 3] 0.13|S 5[ 0.10|S 1| 0.12]s 3] 0.13]|S 4] 0.17|S
5[ 0.24|S 6/ 0.28]|S 8] 0.29|S 4] 0.18]S 4] 0.13]S 4] 0.13]S 6/ 0.18]S 3] 0.13]S 5[ 0.22|S 5[ 0.22|S
6] 0.27|S 7| 0.35|S 9/ 0.30|S 6/ 0.20|S 6/ 0.18|S 6/ 0.15|S 7] 0.19|S 7] 0.21]S 6/ 0.24|S 9] 0.30|S
7 0.27]|S 8] 0.36]S 10| 0.33]S 8] 0.26|S 9] 0.25|S 7] 0.18]S 8] 0.20|S 8] 0.22|S 7] 0.26]S 10| 0.36(S
10 0.39|S 11| 0.56(S 11| 0.34|S 9] 0.29]S 10| 0.27|S 9] 0.22|S 11| 0.21{S 12| 0.40(S 11| 0.43(S 11| 0.37S
12| 0.50|S 12| 0.57|S 12| 0.42|s 11| 0.40(S 13| 0.28]S 10| 0.27|S 12| 0.22|S 13| 0.46(S 13| 0.46(S 13| 0.40(S
13| 0.53|S 13| 0.58|S 13| 0.42|S 13| 0.46(S 14| 0.29(S 12| 0.32|S 15| 0.27S 15| 0.47(S 14| 0.46(S 14| 0.43(S
14| 0.54|S 14| 0.61|S 14| 0.47|S 14| 0.48|S 17| 0.33]S 13| 0.33]S 16| 0.28(S 16| 0.49(S 15| 0.48|S 15| 0.45(S
15[ 0.56|S 16| 0.65|S 16| 0.47|S 15| 0.49(S 18| 0.36(S 14| 0.35(S 17| 0.28(S 17| 0.49(S 16| 0.53(S 16| 0.47(S
16/ 0.57|S 17| 0.71|s 17| 0.48|S 16| 0.49(S 19| 0.37|S 15| 0.38]S 18| 0.29(S 18| 0.50(S 17| 0.55(S 17| 0.48|S
19 0.62|S 18| 0.72|S 19| 0.52|S 17| 0.54|S 20| 0.37[S 16| 0.41(S 19| 0.31{S 19| 0.51(S 18| 0.57(S 19| 0.54(S
20| 0.62s 21] 0.81fS 21| 0.62[S 20| 0.66[S 21] 0.39[S 18| 0.44|S 20| 0.31|S 20| 0.51[S 19| 0.59(S 21] 0.60[S
25| 1.20[s 24] 1.39(S 24| 1.06[S 24] 1.10[S 25| 0.76[S 23] 0.73[S 23] 0.57[S 24] 1.16[S 23] 1.14|s 24] 1.02[S
165 =R2 170 =R2 177 =R2 160 =R2 178 =R2 150 =R2 177 =R2 173 =R2 167 =R2 178 =R2
13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2
Um= 82|Um= 77|Um= 70|Um= 87|Um= 69|Um= 97|Um= 70|Um= 74|Um= 80|Um= 69
Uf= 74|Uf= 79|Uf= 86|Uf= 69|Uf= 87|Uf= 59|Uf= 86|Uf= 82|Uf= 76|Uf= 87
U= 74|U= 77|\U= 70|U= 69|U= 69|U= 59|U= 70|U= 74|U= 76|U= 69
Meany= 78|Meany= 78|Meany= 78|Meany= 78|Meany= 78|Meany= 78|Meany= 78|Meany= 78|Meany= 78|Meany= 78
oy= 18.385|0y= 18.38|0y= 18.38|0y= 18.38|0y= 18.38|0y= 18.38|0y= 18.38|0y= 18.38|0y= 18.38|0y= 18.38
Z score = 0.2176|Z score = 0.054|Z score = 0.435|Z score = 0.49(Z score = 0.49(Z score = 1.033|Z score = 0.435(Z score = 0.218(Z score = 0.109(Z score = 0.49
Z crit (2 tailed) = 1.96|Z crit (2 tailed) = 1.96|Z crit (2 tailed) = 1.96|Z crit (2 tailed) =  1.96|Z crit (2 tailed) = 1.96|Z crit (2 tailed) =  1.96|Z crit (2 tailed) =  1.96(Z crit (2 tailed) =  1.96|Z crit (2 tailed) =  1.96|Z crit (2 tailed) =  1.96

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Fractions of total weighted means
Consu living
mption smokin underg within
of Agricul g oing 5 miles
alcohol| An X- [tural Driving |tobacc [driving |workin [surger ofa
ic ray of |pestici |a o] a gina |yina nuclear
bevera| your [de motor |produc [motorc |coal hospitalhang [power
ges | chest [usage |vehicle [ts ycle mine || gliding [plant
SCIENCE
Fall 2004 Sec 1 0.20f 0.27] 0.23( 0.14] 0.12] 0.09/ 0.11] 0.22( 0.18] 0.25
Fall 2005 Sec 1 0.38] 047 0.40( 0.44| 0.23] 037 0.26/ 0.29] 0.37] 0.39
Fall 2005 Sec 2 0.61f 0.69] 0.70f 0.47| 0.38] 0.38/ 0.42]| 040 0.54| 0.56
Spring 2006 Sec 1 0.65| 0.63| 046/ 053] 0.31] 041 0.28/ 0.47| 0.60] 0.57
Spring 2006 Sec 2 0.46( 046| 0.28( 0.46] 0.25| 041 0.21] 045 0.29] 0.33
Fall 2006 Sec 1 0.50|/ 0.54( 0.44| 050 0.26( 034 0.17] 0.39] 0.39[ 0.34
Fall 2006 Sec 2 0.23 0.27] 0.21f 0.23] 0.16] 0.13[ 0.09] 0.19( 0.15] 0.13
Spring 2007 Sec 2 0.49| 054 047/ 051 037 038 0.31] 0.38] 0.42| 0.52
Spring 2007 Sec 3 0.62[ 0.75| 0.56( 053] 0.34] 042 0.26] 0.66( 0.54| 0.48
Fall 2007 Sec 1 0.71] 0.71f 058/ 0.55| 0.28] 0.33( 040/ 053] 054 0.53
Fall 2007 Sec 2 052 0.68] 047 048] 0.29] 0.39[ 0.28] 045 043] 041
Spring 2008 Sec 1 0.70| 0.74 047/ 0.49| 037 043[ 0.29] 0.61] 0.54| 0.53
Spring 2008 Sec 2 0.66] 0.82] 0.62 0.67] 052| 048/ 0.40] 0.62 0.60] 0.56
NONSCIENCE
Fall 2004 Sec 1 0.35( 040 0.34( 0.33] 0.20f 0.23] 0.17] 030 0.36] 0.35
Fall 2005 Sec 1 0.31] 043 036/ 0.25| 0.18] 0.20f 0.19] 0.31] 0.30] 0.35
Fall 2005 Sec 2 0.29( 0.38] 0.33[ 0.27] 0.17] 0.20f 0.17] 0.30{ 0.32] 0.30
Spring 2006 Sec 1 0.45| 055 039/ 0.36)| 0.30[ 0.31f 0.24] 0.40| 0.40| 042
Spring 2006 Sec 2 0.49] 0.61f 046] 051 0.28] 0.35] 0.24] 049| 047 043
Fall 2006 Sec 1 0.46| 0.60( 045/ 043]| 0.27] 032 0.23] 0.38] 0.40| 0.38
Fall 2006 Sec 2 0.49| 058 044 048] 0.29| 034 0.22| 049 041 0.38
Spring 2007 Sec 2 0.43| 051 039/ 037| 030{ 027 0.28 0.36] 0.40| 0.39
Spring 2007 Sec 3 043| 054 039 043] 025/ 031 0.20f 041] 037 0.29
Fall 2007 Sec 1 0.60/ 0.70f 055/ 055| 0.38] 0.38f 0.31] 0.52| 0.57| 0.49
Fall 2007 Sec 2 0.69] 083 063 0.73] 042| 050 0.29] 0.63] 0.64| 0.56
Spring 2008 Sec 1 0.60/ 0.68f 051 0.52| 0.34] 0.34 0.28] 048] 0.45| 0.50
Spring 2008 Sec 2 091] 103f 0.75/ 0.74] 056 051 041] 0.76] 077 0.74
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Science

Consumption of

Agricultural pesticide

smoking tobacco

undergoing surgery in a

living within 5 miles of a

alcoholic beverages An X-ray of your chest [usage Driving a motor vehicle |products driving a motorcycle working in a coal mine |hospital hang gliding nuclear power plant
1| 0.20|s 1| 0.27[s 1| 0.211fsS 1| 0.14fs 1| 0.12fs 1| 0.089(S 1| 0.09(s 1| 0.19(s 1| 0.15S 1| 0.13(s
2| 0.23|S 2| 0.27(s 2| 0.23(s 2| 0.23(s 2| 0.16S 2| 0.131(S 2| 0.11fs 2| 0.22s 2| 0.178(S 2| 0.25|s
6/ 0.38|S 6] 0.46|S 3| 0.282|S 10 0.44|S 6] 0.23|S 10( 0.333|S 5| 0.17(s 3] 0.29]sS 3| 0.291|S 5| 0.33(s
10/ 0.46|S 7] 0.47]S 10{ 0.404|S 11| 0.46|S 7] 0.25|S 11| 0.338]S 8] 0.21(S 9] 0.38]S 7| 0.366|S 6] 0.34|S
14| 0.49]s 9] 0.54|s 12 0.441|S 12 0.47]S 9] 0.26|S 15[ 0.366|S 13 0.26|S 10 0.39|S 9] 0.39|s 12 0.39|S
15/ 0.50|S 10 0.54|S 15[ 0.465|S 14| 0.48|S 11| 0.28]S 16 0.376|S 14| 0.26|S 11| 0.40|S 14| 0.423|S 13 0.41|S
16/ 0.52|S 16 0.63|S 16 0.469|S 15[ 0.49|S 14| 0.29]S 18 0.385|S 16 0.28|S 14| 0.45]|S 15[ 0.427|S 16( 0.48|S
19| 0.61|S 18 0.68|S 17| 0.469|S 16 0.50|S 17] 0.31]S 19( 0.39|S 18 0.28]S 15[ 0.45|S 18 0.535|S 19( 0.52|S
20/ 0.62|S 19 0.69|S 18| 0.474|S 18 0.51|S 18 0.34|S 20[ 0.413|S 19 0.29|S 16 0.47]S 19 0.54|S 20[ 0.53]S
21| 0.65(S 21| 0.71fs 21| 0.563(S 20 0.53|S 20 0.37|S 21| 0.413(s 22| 0.31fs 21| 0.53(s 20[ 0.54|S 21| 0.53(s
22| 0.66(S 22| 0.74]s 22| 0.577(s 21| 0.53(s 21| 0.37(s 22| 0.418(s 23[ 0.40|S 22| 0.61fS 21| 0.545(S 23[ 0.56|S
24| 0.70(S 23[ 0.75|S 23| 0.624|S 23[ 0.55|S 22| 0.38(S 23[ 0.432|S 24| 0.40(s 23[ 0.62|S 23[ 0.596|S 24| 0.56(S
25| 0.71fs 24| 0.82fs 25| 0.704(s 24| 0.67S 25| 0.52(s 24| 0.479(s 26 0.42|S 25| 0.66[S 24| 0.601(S 25| 0.57(s
195 =R1 178 =R1 185 =R1 187 =R1 173 =R1 202 =R1 191 =R1 172 =R1 176 =R1 187 =R1
13 =N1 13 =N1 13 =N1 13 =N1 13 =N1 13 =N1 13 =N1 13 =N1 13 =N1 13 =N1
Nonscience
Consumption of Agricultural pesticide smoking tobacco undergoing surgery in a living within 5 miles of a
alcoholic beverages [An X-ray of your chest |usage Driving a motor vehicle |products driving a motorcycle working in a coal mine |hospital hang gliding nuclear power plant
3] 0.29|N 3[ 0.382|N 4| 0.332|N 3| 0.25|N 3| 0.175|N 3| 0.204|N 3| 0.17|N 4 0.301|N 4 0.3|N 3] 0.29|N
4| 0.31|N 4 0.398|N 5] 0.339(N 4] 0.27|N 4| 0.184|N 4| 0.205(N 4] 0.17|N 5| 0.305|N 5| 0.321|N 4] 0.30(N
5] 0.35|N 5| 0.43|N 6| 0.359|N 5| 0.33|N 5| 0.198[N 5| 0.234|N 6] 0.19|N 6/ 0.31|N 6| 0.364|N 7] 0.35|N
7 0.43|N 8| 0.512|N 7| 0.385|N 6/ 0.36|N 8| 0.252|N 6/ 0.269|N 7] 0.20|N 7] 0.36|N 8| 0.371|N 8] 0.35|N
8] 0.43|N 11] 0.536|N 8| 0.388(N 7] 0.37|N 10{ 0.272|N 7| 0.309|N 9] 0.22|N 8| 0.377|N 10( 0.396|N 9] 0.38|N
9[ 0.45|N 12| 0.552|N 9] 0.39|N 8] 0.43|N 12| 0.284(N 8| 0.314|N 10| 0.23(N 12| 0.405(N 11{ 0.396|N 10| 0.38(N
11| 0.46|N 13 O0.58|N 11] 0.439|N 9| 0.43|N 13[ 0.288|N 9| 0.315|N 11) 0.24|N 13 0.413|N 12 0.402|N 11) 0.39|N
12 0.49|N 14 0.598|N 13| 0.445[N 13| 0.48(N 15| 0.296(N 12| 0.34|N 12| 0.24(N 17( 0.482|N 13| 0.41(N 14 0.42|N
13| 0.49|N 15[ 0.607|N 14| 0.464|N 17] 0.51|N 16( 0.296|N 13[ 0.344|N 15[ 0.28|N 18( 0.491|N 16 0.448|N 15[ 0.43|N
17| 0.60|N 17( 0.681|N 19| 0.506(N 19| 0.52(N 19| 0.344(N 14 0.346|N 17 0.28|N 19| 0.494(N 17 0.473|N 17 0.49|N
18/ 0.60|N 20[ 0.699|N 20[ 0.555|N 22| 0.55|N 23[ 0.38|N 17| 0.381|N 20 0.29|N 20[ 0.518|N 22| 0.574|N 18 0.50|N
23| 0.69|N 25| 0.834(N 24| 0.632(N 25| 0.73|N 24| 0.423|N 25| 0.505|N 21] 0.31|N 24| 0.631|N 25| 0.64|N 22| 0.56|N
26/ 0.91|N 26[ 1.026|N 26[ 0.745|N 26 0.74|N 26[ 0.556|N 26[ 0.506|N 25| 0.41|N 26[ 0.757|N 26 0.77|N 26 0.74|N
156 =R2 173 =R2 166 =R2 164 =R2 178 =R2 149 =R2 160 =R2 179 =R2 175 =R2 164 =R2
13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2 13 =N2
Um= 104({Um= 87(Um= 94(Um= 96(Um= 82(Um= 111{Um= 100|{Um= 81(Um= 85(Um= 96
Uf= 65|Uf= 82|Uf= 75|Uf= 73|Uf= 87|Uf= 58|Uf= 69|Uf= 88|Uf= 84|Uf= 73
U= 65|U= 82|U= 75|U= 73|U= 82|U= 58|U= 69|U= 81|U= 84|U= 73
Meany= 84.5[Meany= 84.5[Meany= 84.5[Meany= 84.5(Meany= 84.5(Meany= 84.5(Meany= 84.5(Meany= 84.5(Meany= 84.5(Meany= 84.5
oy= 19.5(oy= 19.5(oy= 19.5(oy= 19.5(oy= 19.5(oy= 19.5(oy= 19.5|0y= 19.5|0y= 19.5|oy= 19.5
Z score = 1{Z score = 0.128|Z score = 0.487|Z score = 0.59|Z score = 0.128|Z score = 1.359|Z score = 0.795|Z score = 0.179|Z score = 0.026|Z score = 0.59
Z crit (2 tailed) = 1.96|Z crit (2 tailed) =  1.96(Z crit (2 tailed) =  1.96(Z crit (2 tailed) =  1.96(Z crit (2 tailed) =  1.96|Z crit (2 tailed) =  1.96|Z crit (2 tailed) =  1.96|Z crit (2 tailed) =  1.96(Z crit (2 tailed) =  1.96(Z crit (2 tailed) =  1.96

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no

Z scor > Z crit? no
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