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Abstract
In this paper, we demonstrate how public opinion surveys can be designed to collect information
pertinent to computational behavior modeling, and we present the results of a public opinion and
behavior survey conducted during the 2009–2010 H1N1 influenza pandemic. The results are used
to parameterize the Health Belief Model of individual health-protective decision making. Survey
subjects were asked questions about their perceptions of the then-circulating influenza and
attitudes towards two personal protective behaviors: vaccination and avoidance of crowds. We
empirically address two important issues in applying the Health Belief Model of behavior to
computational infectious disease simulation: (1) the factors dynamically influencing the states of
the Health Belief Model variables and (2) the appropriateness of the Health Belief Model in
describing self-protective behavior in the context of pandemic influenza.
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1 BACKGROUND
It is well established in the epidemiological literature that individual and group behavior
influences the outcome of contagious disease outbreaks (1–4). Agent-based models that
explicitly incorporate individual behavioral decision-making into computational epidemic
simulations are increasingly being recognized as the next generation of epidemiological
models (5–7). However, the core relationships between the simulated epidemics and the
process of decision-making by individual agents have not been well-established. Here, we
build upon a mathematical framework we previously proposed for incorporating behavioral
response into agent-based epidemic models (7). We present data collected both to enhance
the understanding of health behavior decision-making by individuals and to develop
empirically-based dynamic models of this decision-making.

A number of psychological models have been proposed that describe health related decision-
making(8). One of the first such models, the Health Belief Model (HBM), specifies four
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factors that determine an individual’s decision to adopt a health-promoting behavior: (1) the
Perceived Severity of the adverse health condition being avoided, (2) the individual’s
Perceived Susceptibility to the adverse condition, (3) the Perceived Benefits the person
associates with the behavior, and (4) the individual’s Perceived Barriers to adopting the
protective behavior (9,10).

Later revisions to the HBM added additional factors such as (5) Self-efficacy, an
individual’s confidence in his or her ability to take action, and (6) external Cues to Action
that promote individual awareness. For this exploratory analysis, we restrict our focus to the
original four factors in order to represent a well-structured and readily parameterized survey
framework (7,11). Our methodology could also be applied to other versions of the HBM and
to other behavior models.

Surveys with questions concerning the HBM variables and the adoption of health-promoting
behaviors are a staple of the health perception literature (12−23). These have a largely
unexplored potential for parameterizing computational behavior-adoption models. Despite
the rather extensive literature on correlations between health beliefs and behavior, there has
been very little work that empirically explores the drivers that cause those health beliefs to
change over the course of an outbreak. For example, to properly model an individual’s
perception of the severity of a disease, a theory of what new information makes an
individual’s perceived severity change between low and high is necessary. Some candidate
“drivers” are the instantaneous prevalence of the disease, the geographic or social proximity
of the individual to publicized outbreaks, and the intensity of media attention being placed
upon the epidemic. A mechanistic understanding of the relationships between external
drivers and health beliefs is crucial for a well-structured computational model. For this
reason, in addition to collecting data on the variables of the HBM, we collected data on their
hypothesized drivers.

In this paper, we use our public survey to address three aims: 1) to provide a structured
framework demonstrating how to parameterize a computational behavior model from survey
data, 2) to use the survey responses to evaluate the Health Belief Model, and 3) to identify
drivers of the HBM variables appropriate for computational modeling.

2 METHODS
In this paper we report the results of a public opinion survey that was conducted in
Allegheny County, Pennsylvania during the 2009–2010 Influenza A (H1N1) outbreak
(referred to as ‘H1N1’ in the rest of the paper, and as ‘swine flu’ in the survey text).
Questions were asked regarding the respondents’ perceptions of and experiences with H1N1
influenza, in particular with respect to the variables of the Health Belief Model. Respondents
were asked about their Perceived Susceptibility to the disease and about two separate
measures of Perceived Severity, perceived chance of death following contracting swine flu
and perceived hardship of H1N1 relative to seasonal flu. Respondents were asked their
opinion of the amount of media coverage of the outbreak and the governmental response to
the pandemic as well as their opinions of the efficacy of two protective personal health
behaviors, vaccination and avoidance of crowded public areas (Perceived Benefits), and
their adherence to these practices. They were also asked the perceived difficulty of avoiding
crowds and concern about side effects of vaccination (Perceived Barriers). Respondents
were asked whether they intended to be vaccinated and whether they had already received
immunization. The full text of the survey is provided as Supplemental Information.

The survey was divided into two phases as illustrated in Figure 1. Sixty-three responses
were gathered from October 27, 2009 to December 5, 2009, reflecting a time when H1N1
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incidence was peaking (24) Two hundred thirty responses were collected from January 7,
2010 to April 1, 2010, coinciding with the epidemic’s conclusion.

The survey was conducted by a trained interviewer who made telephone calls during the late
afternoon and evening. Telephone numbers were selected from a directory of Allegheny
County, Pennsylvania by using random number generators to first select a page within the
phonebook and then select a phone number from the page. Respondents who indicated
willingness to participate in the survey (34% of those reached) were screened for current
residence within the county. The demographics of the respondents are summarized in Table
I.

3 Results
Many of our questions were posed on a 5-point Likert scale: “Strongly disagree”,
“Disagree”, “Neutral/Moderate”, “Agree”, and “Strongly agree”. We dichotomized the 5-
point responses into binary categories for our analysis. As the ‘neutral’ and ‘moderate’
responses were ambiguous with respect to the binary classification, we grouped them
depending on which characterization produced the strongest correlations with the health
promoting behavior. In the following tables the dichotomization for each independent
variable is indicated.

3.1 Change in responses over time
A two-sided mean difference t-test was conducted for each question to measure the change
between the survey periods (Table II). The perceived likelihood of contracting H1N1, the
perceived force of the epidemic (improving or worsening), and the reported frequency of
news coverage decreased significantly across the two survey periods. Some variables did not
significantly change: perceived likelihood of death, perceived hardship of H1N1, opinion of
the government response, opinion of media coverage, benefits of protective behaviors, and
barriers to performing the protective behaviors. Repeating analyses with nonparametric tests
(Mann Whitney U, Wilcoxon W) showed a similar pattern of change across the two survey
periods.

3.2 Correlations of attitudes with behaviors
For our correlational analyses (Tables III–IX), survey responses from both time periods
were grouped together to compensate for the small number of responses during the early
period. To test for potential influence of this aggregation on our analysis we introduced a
dummy variable, “Survey Period”, coded 0 for surveys conducted on or before December 5,
2009 and 1 for surveys conducted on or after January 7, 2010. “Survey Period” was not
found to be a significant variable in any of our regressions.

Table III presents univariate correlations between behavior and survey responses significant
at the p ≤ 0.05 level (insignificant correlations are not shown). Vaccination was correlated
with perceiving the effectiveness of vaccine to be high (Perceived Benefits), perceiving the
chance of side effects to be low (Perceived Barriers), perceiving the hardship of the disease
to be severe (Perceived Severity), and not believing the media coverage or government
response to be excessive. The Perceived Susceptibility to contracting H1N1 was not
correlated with intention to be vaccinated.

Avoiding crowded places was significantly correlated with perceiving such behavior as
being effective at preventing H1N1 (Perceived Benefits), believing oneself to be likely to
die following contracting H1N1 (Perceived Severity), believing the media coverage to not
be excessive, and being female. However, neither the difficulty of avoiding crowded places
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(Perceived Barriers) nor one’s Perceived Susceptibility to H1N1 were significantly
correlated with avoiding crowded places.

3.3 Models of behavior
Table IV shows the multivariate logistic relationship between the Health Belief Model
variables and the two health behaviors of our study. For vaccination, the standard
components of the HBM were correlated with behavior, although Perceived Susceptibility
was not significant. Avoiding crowded places was correlated only with Perceived Benefits.
Difficulty of crowd avoidance (Perceived Barriers), hardship (Perceived Severity), and
likelihood of contracting H1N1 (Perceived Susceptibility) were not correlated with this
behavior.

Equation 1, the standard logistic regression equation expressed in terms of odds ratios, is
parameterized by the odds ratios in Table IV and can be used as a model of decision making
in agent-based simulations (7). The HBM variables are in one of two states: xi = 0 (low) or 1
(high) for each i ∈ (Sus, Sev, Ben, Bar) (abbreviations of Susceptibility, Severity, Benefits,
and Barriers).

(1)

In a fully implemented agent-based model, the probability that an agent adopts a particular
behavior could be calculated by this equation. For example, an individual with ‘high’
Perceived Benefits, and ‘low’ Perceived Severity, Susceptibility, and Barriers for
vaccination would have exponents xBen = 1 and xSev = xSus = xBar = 0, with a probability of
vaccination of 0.399 as shown in Equation 2. Individual heterogeneity could be incorporated
by allowing agents to sample their parameters from a distribution defined across the 95%
confidence intervals for the odds ratios given in Table IV.

(2)

This approach can be extended to incorporate demographic heterogeneity at the individual
agent level. Equation 3 shows the multivariate regression of crowd avoidance on the HBM
plus gender and age, parameterized from Table V. In Equation 3 we have included those
variables with odds ratios statistically different from 1; xGen = 1 corresponds to males, and
xAge = 1 corresponds to > 65 years of age, in accordance with Table V. Equation 4 shows
the probability of avoiding crowds for a male below the age of 65 who perceives the benefits
of avoiding crowds to be high.

(3)

(4)
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4 Dynamic updating of HBM variables
To fully implement Equation 1 in dynamic computational simulations, the factors that
influence the HBM variables must be quantitatively established. In Tables VI–IX we explore
correlations between these factors and the HBM variables.

4.1 Perceived Severity
The two measures of Perceived Severity in Table VI (perceived personal chance of death
from H1N1 and anticipated hardship of H1N1 relative to seasonal flu) were unsurprisingly
correlated with one another. Gender was strongly correlated with both variables, with males
having relative odds of half that of females of reporting a high score on either of the severity
variables.

A primary correlate of perceived lethality (Perceived Severity) of H1N1 was reported
perception of media coverage. Respondents who reported observing more H1N1 coverage
also reported a higher perceived likelihood of dying should they contract the disease.
Although the direction of causality can be debated, this finding is entirely consistent with
other research in risk perception (25–30) and suggests a mechanism (observed quantity of
news coverage) from which perceived lethality might be modeled within a computational
simulation (7,31).

4.2 Perceived Susceptibility
The determinants of Perceived Susceptibility are shown in Table VII. Younger respondents
and those who believed they had contracted H1N1 were more likely to judge themselves to
be at greater risk of contracting the disease. Men viewed themselves as less likely than
women to contract the disease, a frequently-observed disparity in health
questionnaires (12,15,25,32,33). Perceived Susceptibility to catching H1N1 was additionally
influenced by level of media consumption, and was correlated with the general sense of
whether the epidemic in the US was improving or worsening.

4.3 Perceived Benefits and Perceived Barriers
Perceived Benefits and Perceived Barriers of vaccination were negatively correlated with
each other, suggesting that respondents confounded these variables (Table VIII). Both of
these variables were correlated with opinion of the media coverage, and Perceived Benefits
was correlated with opinion of government response. Male gender was not correlated with
Perceived Benefits of vaccine, but was correlated with lower concern about vaccine side
effects.

Perceived Benefits of avoiding crowded places, shown in Table IX, was correlated only with
believing oneself susceptible to the disease. This reveals a fundamental colinearity among
the factors of the Health Belief Model: the Perceived Benefits of a behavior such as avoiding
crowded places are intrinsically dependent on the perceived likelihood of contracting the
disease (Perceived Susceptibility); there is no benefit to the behavior if there is no risk of
disease. Perceived difficulty of avoiding crowded places was correlated only with level of
education, with those of a higher educational background reporting increased difficulty.

4.4 Candidate drivers of the HBM variables
Table X summarizes key insights gained through this survey about possible situational
influences upon individual beliefs of the HBM. Although causal connections can’t be
established between these factors and variables on the basis of our survey results, they
represent plausible candidates for further research into the drivers of the Health Belief
Model.
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5 DISCUSSION
The factors that cause the belief variables of the HBM to change states during an epidemic
had not previously been studied. Our survey provides data in support of a variety of possible
situational cues that could influence these variables. The survey framework used in this
paper was tailored specifically to address the questions raised in computational behavior and
epidemic modeling. Our comparison across survey periods in Table II revealed a significant
decrease in Perceived Susceptibility of contracting H1N1 in the later months of the
pandemic. Over this same period, the Perceived Severity of H1N1 and the Perceived
Benefits and Perceived Barriers of both protective behaviors did not significantly change.
We observed that Perceived Susceptibility fell during the waning epidemic, while the other
variables appeared insensitive to the prevalence of disease. Although we cannot establish a
robust relationship from our limited sample size, a comprehensive longitudinal survey
measuring the variables discussed in this paper over the course of an epidemic would allow
for significant insight to be gained into the dynamic response of these variables.

Our univariate regressions of the HBM variables against possible drivers (Tables VI – IX)
revealed the utility of the various drivers. Table X summarizes these relationships, and
indicates those candidate drivers that were observed in Table II to dynamically change over
the course of the epidemic.

Our analysis identified certain weaknesses of the Health Belief Model in describing
behavior during epidemic disease. Not all components of the HBM were correlated with
participation in the specific health behaviors studied. Perceived Severity of H1N1 and
concern about side effects (Barriers) were significantly correlated with vaccination both in
our survey and in previous studies (34–37). Perceived Susceptibility was not significantly
correlated with either vaccination or avoiding crowded places. Two core variables of the
Health Belief Model for avoiding crowded places (Perceived Benefits and Perceived
Susceptibility) were correlated with one another, as were Perceived Benefits and Perceived
Barriers of vaccination. These findings cast doubt on the adequacy of the 4-variable
incarnation of the HBM for describing behavioral response to epidemic disease.

There are several limitations to our study. We were unable to fully explore the influences of
demographic covariates due to the small sample size and insufficient demographic
heterogeneity. These population demographics may represent significant predictors of
behavior and intention, as attitude and beliefs may be stratified along ethnic or socio-
economic lines (20,35,38,39). We were not able to explore these influences in our study, but
acknowledge their importance for representing agent heterogeneity in initial HBM variable
settings. Additionally, all of our data were collected in the downward portion of the
epidemic curve. Surveys covering an entire epidemic should provide additional insights.

For our survey we intentionally measured self-reported behavior and self-reported
perceptions. We acknowledge the possibility of bias and error arising from these responses,
either from subjective assessments of beliefs or from varying interpretations of our
questions(40,41). Nevertheless, our approach remains useful for parameterizing
computational behavior models, as it provides direct correlations between modelable
external factors and beliefs/behavior. For example, a modeler might first define an objective
quantity of media coverage, and then give each individual agent in the model a subjective
level of coverage, possibly influenced by demographic parameters. This subjective level of
coverage would in turn influence individual behavior (7).

An approach to modeling behavior during an epidemic that we did not explore in this
research is to drive behavior by individual fear or by imitation dynamics. Studies conducted
during H1N1 and SARS documented the importance of fear and emotion in driving
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epidemics (20,23,32). Theoretical and modeling research has demonstrated the dynamic effect
that imitation dynamics can have in driving group behavior (42,43).

Another possible approach to modeling behavior from Survey data, removing the
intermediary Health Belief Model and searching for direct correlations between drivers and
behavior, might provide stronger relationships between the drivers and behavior at the
expense of a well-structured theoretical foundation. Here and in our previous work (7) we
narrowly framed behavior change within the Health Belief Model to provide a well-
structured starting point for a comprehensive computational model of behavior change.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Periods in which the survey was conducted (shaded regions), relative to weekly confirmed
US H1N1 cases reported by the CDC.
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Table I

Survey respondents’ demographics

Survey Period 1 Survey Period 2

(10/27/2009 – 12/5/2009) (1/7/2010 – 4/1/2010)

63 responses 230 responses

Variable n (fraction) n (fraction)

Age

 Under 25 10 (0.16) 3 (0.013)

 25–49 15 (0.24) 53 (0.23)

 50–64 19 (0.30) 62 (0.27)

 Over 65 19 (0.30) 110 (0.48)

 No answer given 2 (0.0087)

Gender

 Female 44 (0.70) 154 (0.67)

 Male 19 (0.30) 74 (0.32)

 No answer given 2 (0.0087)

Ethnicity

 Caucasian 56 (0.89) 207 (0.90)

 African American/Black 7 (0.11) 13 (0.057)

 Asian 3 (0.013)

 No answer given 4 (0.017)

 Other 3 (0.013)

Education

 Some high school, High school, or Associate’s degree 35 (0.56) 122 (0.53)

 4-year college degree or Higher 27 (0.43) 104 (0.45)

 No answer given 1 (0.016) 4 (0.017)
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Table II

Aggregate responses for the two time-periods. The text following the questions indicates how the responses
were dichotomized. The significance of differences between answers in the two survey periods are indicated:

Survey 1 Survey 2

(10/27/2009 – 12/5/2009) (1/7/2010 – 4/1/2010)

fraction (N = 63) fraction (N = 230)

Do you plan to be, or have you been, vaccinated against the swine flu?

 Yes 0.36 0.28

How concerned are you about potential side effects of a vaccine?

 Indifferent or Concerned (vs. Not concerned) 0.60 0.59

How effective do you think a vaccine is in protecting you from catching the swine
flu?

 Effective or Very effective (vs. Very ineffective, Ineffective, or Moderately effective) 0.44 0.50

Avoiding crowded places reduces my likelihood of contracting the swine flu.

 Agree or Strongly Agree (vs. Strongly disagree, Disagree, or Neutral) 0.59 0.65

It is difficult to avoid crowded environments.

 Neutral, Agree, or Strongly agree (vs. Strongly disagree or Disagree) 0.91 0.90

How much news coverage of the swine flu have you seen in the past few weeks?

 A lot (vs. Very little or Some) 0.75 0.11***

How would you classify the media’s coverage of the swine flu, in general?

 Somewhat overblown or Very overblown (vs. Not reported at all, Under-reported, or
Fair)

0.68 0.62

How prepared do you believe the government is for swine flu?

 Too much or Completely overblown (vs. Not nearly enough, Adequate but could have
done more, or Just right)

0.13 0.17

Would you say the general state of the epidemic in the US is:

 Improving (vs. Worsening) 0.66 0.95***

If you were to catch the swine flu, what do you think the level of hardship would be
relative to a regular cold or flu?

 Worse or Much worse (vs. Not as bad or Same) 0.58 0.66

How frequently have you made a conscious effort to avoid crowded places to avoid
possibly being exposed to swine flu?

 Occasionally, Frequently, or Very frequently (vs. Never or Infrequently) 0.29 0.42*

Do you personally know anybody who has fallen ill with swine flu, or suspects they
may have it?

 Yes 0.46 0.34

Do you believe you have had the swine flu?

 Yes 0.12 0.039
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Survey 1 Survey 2

(10/27/2009 – 12/5/2009) (1/7/2010 – 4/1/2010)

fraction (N = 63) fraction (N = 230)

How likely do you think you are to contract the swine flu?

 Neutral, Likely, or Very likely (vs. Very unlikely or Unlikely) 0.48 0.24***

If you were to catch the swine flu, how likely would you be to die as a result?

 Neutral, Likely, or Very likely (vs. Very unlikely or Unlikely) 0.27 0.18

*
p ≤ 0.05,

**
p ≤ 0.01,

***
p ≤ 0.001
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Table III

Univariate logistic correlations with the health promoting variables (1) planning to or having been vaccinated
against H1N1 and (2) making an effort to avoid crowded places.

Have been or plan to be
vaccinated

Avoiding crowds

Odds Ratio (95% CI) Odds Ratio (95% CI)

How effective do you think a vaccine is in protecting you from catching the
swine flu? (Perceived Benefits)

 Very ineffective, Ineffective, or Moderately effective 1

 Effective or Very effective 2.3 (1.4, 3.8)** NS

Avoiding crowded places reduces my likelihood of contracting the swine flu.
(Perceived Benefits)

 Strongly disagree, Disagree, or Neutral 1

 Agree or Strongly agree NA 4.2 (2.4, 7.3)***

How concerned are you about potential side effects of a vaccine? (Perceived
Barriers)

 Not Concerned 1

 Indifferent or Very concerned 0.30 (0.18, 0.50)*** NA

How would you classify the media’s coverage of the swine flu, in general?

 Not reported at all, Underreported, or Fairly reported 1 1

 Somewhat overblown or Very overblown 0.54 (0.31, 0.91)* 0.48 (0.29, 0.81)**

How prepared do you believe the government is for swine flu?

 Not nearly enough, Adequate but could have done more, or Just right 1

 Too much or Completely overblown 0.13 (0.038, 0.42)*** NS

If you were to catch the swine flu, what do you think the level of hardship
would be relative to a regular cold or flu? (Perceived Severity)

 Not as bad or Same 1

 Worse or Much worse 2.2 (1.2, 3.8)** NS

If you were to catch the swine flu, how likely would you be to die as a result?

 Very unlikely or Unlikely 1

 Moderately likely, Likely, or Very likely NS 1.9 (1.1, 3.5)*

Do you personally know anybody who has fallen ill with swine flu, or suspects
they may have it?

 No 1

 Yes NS 0.57 (0.34, 0.94)*

Gender

 Female 1

 Male NS 0.42 (0.24, 0.72)**

Education
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Have been or plan to be
vaccinated

Avoiding crowds

Odds Ratio (95% CI) Odds Ratio (95% CI)

 Some high school, High school, or Associate’s degree 1

 4-year college degree or Higher NS 0.50 (0.31, 0.81)**

Age

 65 or younger 1

 Over 65 NS 1.6 (1.0, 2.6)*

*
p ≤ 0.05,

**
p ≤ 0.01,

***
p ≤ 0.001. NA (Not Applicable), NS (Not Significant at p ≤ 0.05)
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Table IV

Multivariate regressions of behavior adoption with variables of the HBM.

A. Intention to be Vaccinated OR (95% CI) p-value AIC 310.8

Intercept (OR0) 0.35 (0.18, 0.69) 0.0026

How effective do you think a vaccine is in protecting you from catching the swine flu?
(Perceived Benefits) (ORben)

 Very ineffective, Ineffective or Moderately neffective 1.0

 Effective or Very effective 1.9 (1.1, 3.2) 0.033*

How concerned are you about potential side effects of a vaccine? (Perceived Barriers)
(ORbar)

 Not concerned 1.0

 Indifferent or Concerned 0.27 (0.15, 0.48) 6.5 * 10−6*

If you were to catch the swine flu, what do you think the level of hardship would be
relative to a regular cold or flu? (Perceived Severity) (ORsev)

 Not as bad or About the same 1.0

 Worse or Much worse 2.7 (1.5, 5.0) 0.0013*

How likely do you think you are to contract the swine flu? (Perceived Susceptibility)
(ORsus)

 Very unlikely or Unlikely 1.0

 Moderately likely, Likely, or Very likely 1.3 (0.71, 2.3) 0.40

B. Avoids crowded places – Moderately often, Frequently, or Very frequently (vs. Very
infrequently or Infrequently)

OR (95% CI) p-value AIC 363.83

Intercept (OR0) 0.28 (0.12, 0.67) 0.0040

Avoiding crowded places reduces my likelihood of contracting the swine flu. (Perceived
Benefits) (ORben)

 Strongly disagree, Disagree, or  Neutral 1.0

 Agree or Strongly agree 3.8 (2.2, 6.8) 3.5 * 10−6*

It is difficult to avoid crowded environments? (Perceived Barriers) (ORbar)

 Strongly disagree or Disagree 1.0

 Neutral, Agree, or Strongly agree 0.74 (0.33, 1.7) 0.46

If you were to catch the swine flu, how likely would you be to die as a result? (Perceived
Severity) (ORsev)

 Very unlikely or Unlikely 1.0

 Moderately likely, Likely, or Very likely 1.7 (0.93, 3.1) 0.084

How likely do you think you are to contract the swine flu? (Perceived Susceptibility)
(ORsus)

 Very unlikely or Unlikely 1.0

 Moderately likely, Likely, or Very likely 1.3 (0.76, 2.3) 0.33

*
p ≤ 0.05
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Table V

Multivariate regressions of avoiding crowded places with variables of the HBM, age, and gender of
respondents.

Avoids crowded places – Moderately often, Frequently, or Very frequently (vs.
Very infrequently or Infrequently)

OR (95% CI) p-value AIC 348.942

Intercept (OR0) 0.149 (0.0460, 0.485) 0.00156 *

Avoiding crowded places reduces my likelihood of contracting the swine flu.
(Perceived Benefits) (ORben)

 Strongly disagree, Disagree, or Neutral 1.0

 Agree or Strongly agree 3.90 (2.17, 7.03) 5.64 * 10−6 *

It is difficult to avoid crowded environments? (Perceived Barriers) (ORbar)

 Strongly disagree or Disagree 1.0

 Neutral, Agree, or Strongly agree 0.778 (0.341, 1.78) 0.551

If you were to catch the swine flu, how likely would you be to die as a result?
(Perceived Severity) (ORsev)

 Very unlikely or Unlikely 1.0

 Moderately likely, Likely, or Very likely 1.42 (0.744, 2.70) 0.290

How likely do you think you are to contract the swine flu? (Perceived
Susceptibility) (ORsus)

 Very unlikely or Unlikely 1.0

 Moderately likely, Likely, or Very likely 1.54 (0.849, 2.78) 0.156

Gender (ORgen)

 Female 1.0

 Male 0.497 (0.277, 0.892) 0.0191 *

Age (ORage)

 ≤ 65 1.0

 > 65 1.43 (1.04, 1.96) 0.0262 *

*
p ≤ 0.05
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Table VI

Variables correlated with two measures of the Perceived Severity of H1N1: (1) the likelihood of H1N1
infection being fatal, (2) the relative hardship caused by H1N1 compared to seasonal influenza.

If you were to catch the swine
flu, how likely would you be to

die as a result?

If you were to catch the swine
flu, what do you think the level
of hardship would be relative to

a regular cold or flu?

Neutral, Likely, or Very likely
(vs. Very unlikely or Unlikely)

Worse or Much worse (vs. Not as
bad or Same)

Odds Ratio (95% CI) Odds Ratio (95% CI)

How much news coverage of the swine flu have you seen in the
past few weeks?

 Very little or Some 1

 A lot 2.4 (1.29, 4.37)** NS

How would you classify the media’s coverage of the swine flu, in
general?

 Not reported at all, Underreported, or Fair 1

 Somewhat overblown or Very overblown NS 0.45 (0.26, 0.78)**

How prepared do you believe the government is for swine flu?

 Not nearly enough, Adequate but could have done more, or Just
right

1

 Too much or Completely overblown NS 0.30 (0.15, 0.58)***

Do you personally know anybody who has fallen ill with swine
flu, or suspects they may have it?

 No 1

 Yes 0.46 (0.24, 0.88)* NS

Age

 Under 50 1

 50 or over 3.5 (1.5, 8.0)** NS

Gender

 Female 1 1

 Male 0.50 (0.25, 1.0)* 0.48 (0.29, 0.81)**

Education

 Some high school, High school, or Associate’s degree 1

 4-year college degree or Higher 0.21 (0.11, 0.43)*** NS

If you were to catch the swine flu, how likely would you be to
die as a result?

 Very unlikely or Unlikely 1

 Moderately likely, Likely, or Very likely 2.0 (1.0, 3.9)*

If you were to catch the swine flu, what do you think the level of
hardship would be relative to a regular cold or flu?
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If you were to catch the swine
flu, how likely would you be to

die as a result?

If you were to catch the swine
flu, what do you think the level
of hardship would be relative to

a regular cold or flu?

Neutral, Likely, or Very likely
(vs. Very unlikely or Unlikely)

Worse or Much worse (vs. Not as
bad or Same)

Odds Ratio (95% CI) Odds Ratio (95% CI)

 Not as bad or Same 1

 Worse or Much worse 2.0 (1.0, 3.9)*

*
p < 0.05,

**
p < 0.01,

***
p < 0.001
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Table VII

Variables correlated with Perceived Susceptibility to H1N1 : Odds ratios of believing oneself likely to contract
H1N1 infection given the responses to other survey questions.

How likely do you think you are to contract the swine flu?

Neutral, Likely, or Very likely (vs. Very unlikely or Unlikely)

Odds Ratio (95% CI)

How much news coverage of the swine flu have you seen in the past few
weeks?

 Very little or Some 1

 A lot 2.2 (1.3, 3.8)**

Would you say the general state of the epidemic in the US is:

 Worsening 1

 Improving 0.22 (0.096, 0.48)***

Do you believe you have had the swine flu?

 No 1

 Yes 3.6 (1.2, 11)*

Age

 Under 50 1

 50 or over 0.44 (0.25, 0.76)**

Gender

 Female 1

 Male 0.53 (0.30, 0.95)*

*
p ≤ 0.05,

**
p ≤ 0.01,

***
p ≤ 0.001
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Table VIII

Variables correlated with vaccine Perceived Benefits and Perceived Barriers at p ≤ 0.05

How effective do you think a vaccine is in
protecting you from catching the swine flu?

(Effective or Very effective)

Odds Ratio (95% CI) p-value

How concerned are you about potential side effects of a vaccine?

 Not Concerned 1 2.2 * 10−5

 Indifferent or Concerned 0.34 (0.21, 0.56)

How would you classify the media’s coverage of the swine flu, in general?

 Not reported at all, Underreported, or Fair 1 0.00017

 Somewhat overblown or Very overblown 0.36 (0.21, 0.62)

How prepared do you believe the government is for swine flu?

 Not nearly enough, Adequate but could have done more, or Just right 1 0.00065

 Too much or Completely overblown 0.28 (0.14, 0.58)

How concerned are you about potential side
effects of a vaccine?

(Indifferent or Concerned)

Odds Ratio (95% CI) p-value

How effective do you think a vaccine is in protecting you from catching
the swine flu?

 Very ineffective, Ineffective, or Moderately ineffective 1 2.2 * 10−5

 Effective or Very effective 0.34 (0.21, 0.56)

How would you classify the media’s coverage of the swine flu, in
general?

 Not nearly enough, Adequate but could have done more, or Just right 1 0.032

 Too much or Completely overblown 2.2 (1.1, 4.4)

Gender

 Female 1 0.029

 Male 0.57 (0.35, 0.94)
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Table IX

Variables correlated with avoiding crowded places Perceived Benefits and Perceived Barriers at p ≤ 0.05

Avoiding crowded places reduces my likelihood of contracting the swine flu. (Perceived Benefits) Odds Ratio (95% CI) p-value

Agree or Strongly agree (vs. Strongly disagree, Disagree, or Neutral)

How likely do you think you are to contract the swine flu?

 Very unlikely or Unlikely 1 0.011

 Moderately likely, Likely, or Very likely 2.1 (1.2, 3.7)

It is difficult to avoid crowded environments. Odds Ratio (95% CI) p-value

Neutral, Agree or Strongly agree (vs. Strongly disagree, Disagree)

Education

 Some high school, High school, or Associate’s degree 1 0.015

 4-year college degree or Higher 3.0 (1.2, 7.2)
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Table X

Possible drivers for updating HBM variables during a simulation. Drivers that were observed to change over
the course of the outbreak (Table II) are indicated by a *.

Variable Candidate drivers for HBM

(Benefits) Vaccine effectiveness Opinion of the adequacy of media coverage

Opinion of the adequacy of government response

(Barriers) Vaccine side effects Opinion of the adequacy of media coverage

(Severity) Perceived likelihood of death following H1N1
contraction

Observed frequency of news coverage * Personally know anybody who has had
H1N1

(Severity) Perceived hardship of H1N1 relative to seasonal
flu

Opinion of the adequacy of media coverage

Opinion of the adequacy of government response

(Susceptibility) Perceived likelihood of contracting H1N1 Observed frequency of news coverage *

Overall status of the epidemic in US *

Individual believes they have had H1N1
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