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A B S T R A C T   

We examined media exposure, psychological fear and worry, perceptions of risk, and health 
protective behaviors surrounding the 2014 Ebola virus outbreak in a probability-based, repre
sentative, national sample of Americans (N = 3447). Structural equation models examined re
lationships between amount (hours/day) and content (e.g., graphic images of dead bodies) of 
media exposure and counts of self-reported health protective behaviors that participants per
formed or would perform if Ebola spread to their community. Ebola-related risk perceptions and 
fear and worry were potential mediators. Greater total hours and more graphic media exposure 
positively correlated with more fear and worry; greater total hours of media exposure also 
positively correlated with higher perceived risk. Higher risk perceptions were associated with 
more health protective behaviors performed and intended. Greater fear and worry were associ
ated with more behaviors performed. Amount and content of media exposure exhibited indirect 
effects on behaviors performed; amount of media exposure had indirect effects on intentions. 
Media may help promote health protective behaviors during public health threats; the amount 
and content should be congruent with threat to minimize distress and maximize resources.   

1. Introduction 

As demonstrated throughout the ongoing COVID-19 pandemic, seasonal influenza outbreaks, and more localized outbreaks such as 
H1N1 in 2009 and SARS in 2002–2003, effective media communications pose challenges to public health officials tasked with 
conveying accurate information to the public and encouraging appropriate health protective behaviors. This is particularly important 
with fluctuating risks and evolving mitigation efforts. Since 2020, the COVID-19 crisis has dominated the news cycle: but this is neither 
the first nor the last highly publicized public health threat facing society. For example, in Fall 2014, the Ebola epidemic commanded 
much of the U.S. media cycle [1], even though, in contrast to the COVID-19 pandemic, there were only 4 confirmed cases of Ebola in 
the United States. At that time, though, the potential toll of Ebola was unknown and accompanied by staggering initial estimates of 
reach for the disease - along with vivid stories and images from devastated areas in West Africa. Yet, although Ebola spreads less easily 
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than COVID-19, it is more deadly [2,3]. How did the populace respond to that emerging threat? 
During Fall 2014, The New York Times reported more than 350 Ebola stories, including more than 70 on the front page [4]. Analyses 

of social media reports on Twitter found more Ebola-related tweets in the U.S. compared to countries where the virus was vastly more 
prevalent, with frequency of these tweets positively associated with negative emotions [5]. Herein, we present secondary data analyses 
derived from a representative, probability-based sample of Americans, assessed in the immediate aftermath of the Ebola 2014 
outbreak. The overarching goal was to examine how media exposure to a potential threat was associated with performance of health 
protective behaviors. We employ a multi-disciplinary approach, bridging together perspectives from disaster psychology, communi
cation science, decision science, health psychology, and stress and coping. 

During public health crises, accurate public perceptions of risks are vital to achieving appropriate public policies and promoting 
personal protective behaviors. As described in Media Dependency Theory, in information-based societies, the media is the primary 
means by which individuals seek out and obtain information, particularly during times of crisis [6,7]. Despite the relatively low 
objective threat of contracting Ebola in the United States, analyses of Ebola-related tweets from 2014 found that 42% of Ebola-related 
Twitter posts involved risk-elevating messaging likely to contribute to increased risk perceptions [8]. While 96% of print and television 
coverage of Ebola contained risk-elevating messaging, only 55% and 53% contained risk-minimizing messages or both risk-minimizing 
and risk-elevating messaging, respectively [9]. As evidenced in research during the COVID-19 pandemic, heavier reliance on the media 
was associated with increased perception of risk, with both traditional media (e.g., television and print) and Facebook exposure 
associated with the highest risk perceptions [10]. 

Despite the proliferation of risk-elevating messaging during the Ebola crisis, Fischhoff et al. [11] found that by early 2015, when the 
Ebola threat had ebbed for an indeterminate period, Americans had reasonably coherent perceptions of the risk, with large individual 
variation (e.g., females and individuals with lower incomes perceived greater risk of becoming sick from Ebola). Here, we analyze 
cognitive, affective, experiential, and demographic predictors that guided adoption of health protective behaviors during that 
outbreak. During many public health crises (e.g., Zika epidemic, reemergence of measles in the U.S.), many individuals’ primary 
exposure to the illness is through the news media. That coverage can provide valuable information about the nature of the risk and 
appropriate health protective behaviors [12]. Yet it can also evoke stress responses among individuals facing little direct threat [13, 
14]. This psychological activation of the stress response system can itself have negative health consequences downstream: thus the 
benefits of mitigation efforts must be carefully weighed against the deleterious consequences of increased stress in the populace [15]. 

As evidenced during the ongoing COVID-19 pandemic, encouraging individuals to take appropriate health protective behaviors 
during public health threats is critical to mitigating potential crises [16]. As outlined in leading theories of health behavior, two of 
these motivations, risk appraisals and fear, can encourage health protective actions in response to threats [17]. Herein, we examine 
how the type and amount of media communications are related to self-protective behavior, contrasting both cognitive (risk perception) 
and affective (fear) processes as potential mediators of this relationship. In our model, we theorize that media exposure (both type and 
amount) elicits both cognitive and affective psychological responses. These, in turn, motivate people to act in ways that can reduce fear 
and mitigate risk. 

1.1. Conceptual model: media, perception of risk, and health-protective action 

In constructing our model, we integrate Media Dependency Theory with key constructs from the Health Belief Model (HBM) [18], 
Theory of Planned Behavior (TPB) [19,20], and Protection Motivation Theory (PMT) [21]. These theories provide frameworks for 
using media risk communications to encourage protective actions or anticipating their damage. The HBM posits value-expectancy 
constructs that explain decisions to take protective actions; namely, as perceived susceptibility and severity increase, so does 
perceived threat [22]. These factors, along with external cues to action, then trigger health protective behaviors. The TPB, an extension 
of the Theory of Reasoned Action [23], states that intentions to perform a behavior follow reasonably (but not always rationally) from 
specific behavior-related beliefs. Prior research integrating TPB with Media Dependency Theory found high media exposure, 
regardless of self-reported dependency, was associated with increased protective behaviors [24]. In addition, people tend to act on 
these intentions when required skills are present and situational factors do not impede action. PMT posits that a combination of 
severity, probability, and both self- and response efficacy lead to the adoption of health protective behaviors, all of which are can be 
communicated to individuals via the media. From these frameworks, we infer that people may be most willing to engage in health 
protective behaviors when these actions are relatively easy (e.g., washing hands, using sanitizer), the threat is severe, and people 
perceive themselves at risk. 

These perspectives suggest that media exposure to a public health crisis may shape subsequent health protective behaviors. Indeed, 
research conducted during COVID-19 found that COVID-19-related media exposure was associated with increased risk perceptions, 
and in turn increased health protective behaviors (staying home and social distancing) [25]. Through the TPB lens, the media provides 
critical input to the beliefs that shape intentions to perform health protective behaviors. These inputs are interpreted in the context of 
individuals’ demographics, socioeconomic status, and prior personal experiences [23]. For example, research using the TPB model 
found that increased risk perception was a mediating factor between information received from trusted inputs (e.g., the media) and 
intentions to engage in food safety behaviors [26]. Similarly with HBM, the media may be an informational source shaping individuals’ 
risk perceptions [27]. 

1.2. Psychological responses to media exposure and resulting health protective behaviors 

Media communications can influence self-protective behaviors through affective responses (e.g., fear, distress) [28,29], as well as 
cognitive ones (e.g., perception of risk). Affective responses can motivate valuable individual health protective behavior [30]. 
Fear-based reactions and disgust may prompt adaptive behaviors such as quitting smoking [31] or intending to exercise [32]. Increased 
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fear in response to influenza threat resulted in increases in intentions to obtain a flu vaccine [33]. Consequently, fear may serve as a 
mediator between media exposure (both amount and content) and health-protective behaviors. 

However, affective responses can also lead societies to misallocate resources [34], if they amplify societal perceptions of risk for 
low-probability events [35,36]. For example, early in the COVID-19 pandemic, panic buying diverted protective gear needed by 
healthcare workers; during prior threats emergency departments were swamped by “worried well” [15]. Media exposure can also 
produce psychological distress [37–39], with potential physical and mental health problems [40]. 

Two components of media exposure have been linked to both affective and cognitive responses: the amount and the content. The 
amount of media exposure has been associated with posttraumatic responses to the September 11, 2001 terrorist attacks (9/11) [37] 
and the Boston Marathon bombings [39]. Similarly, the content of graphic images (e.g., television scenes of people jumping from the 
World Trade Center) was associated with increased incidence of PTSD following 9/11 [40]. Likewise, increased exposure to images 
depicting blood or gore was associated with increased fear and worry regarding terrorism following the Boston Marathon bombings 
[38]. 

1.3. The present study 

Collective events provide opportunities to observe how these complex processes play out in populations that vary in their exposures 
and responses. We were able to study diverse Americans’ psychological and behavioral responses to the 2014 Ebola outbreak, with a 
representative sample, drawn from participants in an ongoing, longitudinal study. We examined media exposure as a potential source 
of Ebola-related cognitive and affective processes and, in turn, whether those processes affected health protective behaviors. Spe
cifically, we asked if both cognitive processes (self-reported perceptions of Ebola risk) and affective processes (self-reported fear and 
worry) were mediators of the relationship between media exposure and health protective behaviors, both intended and performed. 
Intentions are central to models of health protective behaviors and, empirically, are typically good, if imperfect, predictors of sub
sequent actual behavior [20]. Hence, they indicate what behavior might have been, had Ebola become more prevalent. 

We had three hypotheses: 1) Exposure to more hours of Ebola-related media exposure and more Ebola-related graphic images will 
be positively associated with reporting more health protective behaviors (intended and performed). 2) Exposure to more hours of 
Ebola-related media exposure and more Ebola-related graphic images will be positively associated with perceptions of Ebola-related 
risk and Ebola-related fear and worry. 3) Higher perceptions of Ebola-related risk and greater Ebola-related fear and worry will 
mediate the link between media exposure (both amount and content) and health protective behaviors (intended and performed). 

2. Method 

2.1. Design, sample, and data collection 

Participants were drawn from a longitudinal study of Americans’ responses to negative life events and collective trauma; 4675 were 
initially surveyed in 2013 shortly after the Boston Marathon bombings (79.1% participation rate), including representative samples 
from metropolitan Boston (n = 846), New York City (n = 941), and the remainder of the U.S. (n = 2888). The initial sampling design 
was generated to oversample populations exposed to domestic terrorism (i.e., the Boston Marathon bombings, the 9/11 terrorist at
tacks) because such communities might exhibit increased psychological vulnerability to collective threats. Participants were recruited 
from the GfK (now Ipsos) KnowledgePanel, which used address-based sampling methods to randomly sample and recruit individuals 
within U.S. households. Starting December 29, 2014, 4336 participants who had agreed to be contacted for future surveys were invited 
to participate in a study of their responses to the Ebola outbreak. The final sample had 3447 participants (79.5% participation). 
Overall, 3114 (90.3%) completed the survey online and 333 (9.7%) completed a paper and pencil version. All procedures were 
approved by the Institutional Review Board of the University of California, Irvine. 

Panel selection methods provide statistical control of the representativeness of KnowledgePanel samples and ensure samples’ 
comparability to the target population. Panel design weights were calculated to reflect unequal selection probabilities (according to 
demographic categories) for each sampled member of the KnowledgePanel. Design weights were post-stratified to benchmarks from 
the most recent U.S. government statistics for each sampling area (Boston, New York, and the remainder of U.S.) to compensate for 
differential nonresponse. Thus, the weighted composition of the sample closely matched that of the target population as defined by the 
benchmarks from the American Community Survey of the U.S. Department of Commerce [41], allowing for population-based in
ferences. (See Ref. [11] for details of weight construction.) Comparisons between the KnowledgePanel, the adult U.S. population, and 
the Ebola study presented herein are outlined in Supplemental Table 1. Of note, the Ebola sample weight preserved the oversampling 
in New York and Boston that were part of the initial design of the study [39]. 

2.2. Measures 

2.2.1. Predictor variables 
Hours of Ebola-related media exposure. Participants reported the average number of hours they spent per day consuming Ebola- 

related media from all sources ["(TV, radio, videos or text on Internet news sites, social media, mobile phones, newspapers and other 
print media)”] in October 2014. We used ranges based on previous research on media exposure to community adversity [39]: less than 
1 h, 1–3 h, 4–6 h, or more than 6 h of Ebola media per day, across all sources. Data were analyzed both continuously and as a three-level 
categorical value to test for quadratic effects, combining the two highest groups due to small cell size. We present analyses treating 
exposure as a continuous variable in the main text and provide the categorical analyses as supplemental material. 

Exposure to graphic images of the Ebola crisis. Participants reported how often they saw media images of 1) bloody sites where 
Ebola patients had been, 2) bloody Ebola patients, and 3) dead bodies of people who had died from Ebola, on 5-point scales with 
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Table 1 
Bivariate relationships between key study variables.  

Dependent Variables  

1 2 3 4 5 6 7 8 9 10 11 16 17 18 

Predictor Variables 
1. Health protective behaviors – –             
2. Intention to preform health behaviors  -.40*** –             
3. Ebola worry  .33***  .09*** –            
4. Risk perception  .01***  .01***  .01*** –           
5. Media exposure  .22***  .06*  .37***  5.39** –          
6. Graphic images  .12**  .01  .14***  -.53  .10*** –         
7. Prior mental health ailments  -.02  .01  .09**  2.98*  .07**  -.02 –        
8. Income  -.08***  -.01  -.05***  − 1.51***  -.03***  .02*  -.16*** –       
9. Age  -.001  .003***  .00  -.06  .002  .001  .003  -.01** –      
10. College  -.37***  -.08**  -.17***  -7.22***  -.11***  .03  -.43***  1.51***  − 2.07** –     
11. Gender  -.06  -.10**  -.04  − 4.17**  -.06*  .13**  .06*  .20*  − 1.19  .003 – – – – 
12. White, non-Hispanic  -.30***  .01  -.29***  − 1.45  -.17***  -.12*  .11  .55***  6.50***  .08  .05  .77***  -.69***  .06 
13. Black  .21  .10  .19*  − 2.73  .31***  .11  -.03  -.72***  − 1.57  -.74***  -.22  -.81*  .31  .18 
14. Other, non-Hispanic  -.02  .05  .30**  − 1.56  -.06  .14  -.21  .08  − 3.92*  1.07***  -.13  -.04  .48  -.33 
15. Hispanic  .37***  -.14*  .21**  5.79*  .10*  .06  .11  -.50**  − 8.41***  -.39*  .17  -.92**  .66***  -.05 
16. Boston Metro Area  -.13  -.10*  -.13**  − 5.22*  -.02  -.02  -.03  .38**  1.93  .48***  -.11 – –  
17. New York Metro Area  -.08  -.11*  .09  .02  .07  .09  -.09  .37**  .46  .30*  -.06 – – – 
18. National sample  .13  .14***  .02  3.27*  -.03  -.05  .08  -.49***  − 1.53  -.53***  .11 – – – 

Male gender = 1; Female gender = 0. 
College education = 1; Less than a college education = 0. 
Note: Variables are unstandardized. Count variables (1, 2, 7) are in the Poisson distribution; continuous variables (3–6, 8, 9) are in the Gaussian distribution; dichotomous variables (10–18) are in the Logit distribution. Variables 
entered into the equations as predictor variables are indicated in the rows, with the dependent variables indicated in the columns. 
*p < .05, **p < .01, ***p < .001. 
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endpoints (1 = never; 5 = very often). As reliability was very good (α = 0.87), we used their mean value. 

2.2.2. Covariates 
Demographics and prior mental health. Upon enrollment to the KnowledgePanel, all participants provided demographic (e.g., age, 

gender, ethnicity, education, income, and marital status) and mental health information (updated regularly). Prior mental health 
difficulties were assessed using two items modeled after the U.S. Centers for Disease Control and Prevention’s National Center for 
Health Statistics annual National Health Interview Survey [42]: Respondents reported whether a physician had ever diagnosed them 
with depression or anxiety disorders (coded 0 for no prior diagnoses, 1 for either anxiety or depression, 2 for both). Over 94% of 
respondents had provided mental health histories prior to the Ebola outbreak. To retain sample representativeness, missing values for 
depression and anxiety were imputed using Sequential Hot-Deck imputation. 

2.2.3. Outcome variables 
Performance of Ebola-related health-protective behaviors. Participants were provided a list of four behaviors “someone might do 

in response to Ebola” and were asked to check behaviors they had performed: 1) avoided public places, 2) washed hands or used hand 
sanitizer more often, 3) wore a face mask, and/or 4) avoided public transportation. We summed the number of reported behaviors 
(0–4). 

Intention to perform Ebola-related health-protective behaviors. Participants were provided a list of four behaviors “someone 
might do in response to Ebola” and were asked to check behaviors they would do if they knew someone in their area had the Ebola 
virus: 1) avoid public places, 2) wash hands or use hand sanitizer more often, 3) wear a face mask, and/or 4) avoid public trans
portation. We summed the number of intended behaviors (0–4). 

2.2.4. Mediators 
Ebola-related risk perceptions. A composite measure of risk perceptions related to Ebola was generated by averaging six items 

assessing different aspects of risk. (Fischhoff and colleagues [11] report more fully on this measure, called the transmissibility index.) 
The first three items asked participants to report “the percent chance that you will catch Ebola,” if you “spend a day working in the 
same office as someone who has the Ebola virus” a) “but has no symptoms at all?“, b) “and is beginning to feel badly?“, and c) “and is 
seriously ill?” The second three items asked for “the percent chance that you will catch Ebola if you spend half an hour riding on a bus 
or in a subway car with someone who has the Ebola virus” a) “but has no symptoms at all?” b) “and is beginning to feel badly?” and c) 
“and is seriously ill?” Participants were asked to “provide a number between 0 and 100.” These six judgments were highly correlated: α 
= 0.93; items were averaged. 

Ebola-related fear and worry. Two items assessed how often respondents had experienced Ebola-related fear and worry in the 
preceding week on scales from 1 (never) to 5 (all the time): “I worry that Ebola will personally affect me or someone in my family in the 
future” and “How often in the past week have you had fears about the possibility of Ebola affecting your community?” Items were 
based on prior post-9/11 research [43]. Reliability was α = 0.84; items were averaged. 

2.3. Analytic strategy 

We calculated bivariate relationships between study variables, then used logistic regression to predict intended and reported health 
protective behaviors. We then constructed two path models with amount (total hours) and type (graphic) of media exposure as in
dependent variables. Perceived Ebola-related risk and Ebola-related fear and worry were hypothesized mediators. We used de
mographic indicators and prior mental health as covariates. As missing data were rare, we used row mean substitution for all 
continuous composites with data available from more than 66% of items. 

Path analyses used the generalized structural equation modeling program (GSEM) in STATA 16, an extension of the Structural 
Equation Modeling program that accommodates survey sampling weights. Path analysis incorporates multiple equations simulta
neously and is a parsimonious method to test hypothesized indirect and direct effects while reducing Type 1 error [44]. It is rec
ommended over the classic mediation model when testing for complementary mediation (i.e., both mediated and direct effects are in the 
same direction) [45]. Since sampling weights correct for standard errors, we did not use the bootstrapping method common in testing 
mediation in structural equation modeling as its performance in such situations is unclear [46]. We controlled for key covariates 
(region of residence, demographics, prior mental health) for each exogenous variable [47]. Gaussian and Poisson distributions were 
specified for continuous (i.e., fear, risk) and count (i.e., number of health protective behaviors) outcomes, respectively. We present 
unstandardized coefficients, which represent the actual scaling of the individual variables. 

3. Results 

3.1. Descriptive statistics 

The demographic composition of the final weighted sample closely matched benchmarks for the target population in Boston, New 
York, and the remainder of the U.S [11]. See Supplemental Table 1 for detailed demographic descriptive statistics. Of the sample, 
11.60% reported a prior diagnosis of either depression or anxiety (n = 400), 7.47% reported both diagnoses (n = 257), and 80.93% 
reported neither mental health diagnosis (n = 2787). Table 1 presents bivariate relationships between key study variables. 

Exposure to Ebola-related media. Overall, 72.12% (n = 2484) reported exposure to less than 1 h per day of Ebola-related media; 
22.05% (n = 760) 1–3 h per day; and 4.09% (n = 141) more than 4 h per day. Of the sample, 13.52% (n = 466) reported seeing graphic 
Ebola-related images sometimes, often, or very often. The most common graphic image was bodies of people who died from Ebola (M 
= 1.78, SD = 0.99). Hours per day of Ebola-related media exposure and exposure to graphic Ebola-related images were weakly 
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positively correlated (r = 0.16, p < .001). 
Ebola-related risk perception and fear and worry. Among the six risk perception items, the highest mean probability was for 

catching Ebola if “you spend a day working in the same office as someone who has the Ebola virus who is seriously ill” (M = 55.17%; 
median = 50%, SD = 37.1%). The lowest risk perception was for catching Ebola if “you spend a half hour on a bus or subway car as 
someone who has the Ebola virus but has no symptoms at all” (M = 21.90%; median = 7%; SD = 28.6%). 

On average, participants reported similar low values for “worry that Ebola will personally affect me or someone in my family in the 
future" (M = 1.56, SD = 0.76) and “how often in the past week have you had fears about the possibility of Ebola affecting you or your 
family?” (M = 1.48, SD = 0.76). The combined fear and worry score was associated with pre-Ebola outbreak doctor-diagnosed anxiety 
(b = 0.15, p = .008, 95% CI, 0.04, 0.27) and cumulative mental health ailments (b = 0.09, p = .008, 95% CI, 0.02, 0.16) in bivariate 
analyses, although not when controlling for other factors in multivariate models. 

Behaviors and intentions. Overall, 45.15% (n = 1555) of participants reported performing at least one health protective behavior, 
with 7.94% (n = 274) performing two, 3.42% (n = 118) performing three, and 1.84% (n = 63) performing all four. The most common 
behavior was washing hands or using hand sanitizer more than usual, 43.85% (n = 1510); the least common was wearing a face mask, 
4.87%, (n = 168). However, participants were more likely to report intentions to perform these behaviors if they “knew that someone 
in my area had the Ebola virus,” with 83.99% (n = 2893) reporting that they would perform at least one, 19.37% (n = 667) two, 
24.03% (n = 828) three, and 22.72% (n = 782) reporting that they would engage in all four. Table 2 presents logistic regression 
examining the roles of the two primary independent variables (hours of media exposure and frequency of exposure to graphic images) 
and two mediators (Ebola-related risk perception and Ebola-related fear and worry) in predicting self-reports of performing or 
intending to perform each of the four protective behaviors. Ebola-related fear and worry and risk perceptions were strong predictors in 
almost all cases. Media exposure was a modest predictor in most cases; frequency of exposure to graphic images was only significant for 
having avoided public places and worn a face mask. 

3.2. Path models examining direct and mediator effects on performance and intentions to perform health protective behaviors 

The left-hand side of Table 3 presents full results of analyses of the predictive value of the exposure variables (hours per day of 
media exposure and frequency of exposure to graphic images), mediators (Ebola-related risk perception and fear and worry), and 
covariates on performance of protective behaviors (SEM 1) and intentions to perform protective behaviors (SEM 2). The right-hand 
side analyzes the predictive value of the exposure variables and covariates on the mediators. 

Frequency of exposure to graphic images was positively associated with performance of health protective behaviors, as were the 
two mediator variables: Ebola-related risk perceptions and Ebola-related fear and worry (see Fig. 1 and Table 3). Hours per day of 
media exposure were indirectly associated with performance of health protective behaviors through both higher Ebola-related risk 
perceptions and greater Ebola-related fear and worry (see Fig. 1). Exposure to graphic images was also indirectly associated with 
performance of health protective behaviors through greater Ebola-related fear and worry, suggesting partial mediation (see Fig. 1). 

Although hours per day of Ebola-related media exposure had no direct effect on behavioral intentions (SEM 2), it did have a 
significant direct effect on both mediators (see Table 3). As seen in Fig. 2, a significant indirect effect was found between hours per day 
of Ebola-related media exposure and behavioral intentions through higher Ebola-related risk perceptions. Exposure to Ebola-related 
graphic images had no direct effects on behavioral intentions or Ebola-related risk perceptions. There was a direct effect of expo
sure to graphic images on Ebola-related fear and worry. 

Given the significant right skew of the predictor variables (p < .001), all analyses were also run using log transformations. The 
pattern of results for both SEM 1 and SEM 2 was consistent, except that when using log transformed variables exposure to graphic 
images did not exhibit a direct effect on behaviors performed (b = 0.08, 95% CI, − 0.06, 0.23); the effect sizes were similar and 
interpretation of all indirect effects remained identical. 

Table 2 
Bivariate predictors of performance and intentions to perform health protective behaviors.   

Performance of Health Protective Behaviors 

Avoid public places Wash my hands or use sanitizer more often Wear a face mask Avoid public transportation 

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Risk perception  1.01 (1.01, 1.02)***  1.01 (1.01, 1.01)***  1.00 (0.99, 1.01)  1.01 (1.01, 1.02)*** 
Ebola-related fear and worry  1.44 (1.30, 1.61)***  1.24 (1.14, 1.34)***  1.37 (1.10, 1.57)***  1.29 (1.16, 1.42)*** 
Media exposure  1.58 (1.17, 2.15)**  1.26 (1.04, 1.52)*  1.61 (1.11, 2.34)*  1.52 (1.12, 2.05)** 
Graphic images  1.40 (1.16, 1.70)**  1.07 (0.95, 1.19)  1.65 (1.29, 2.10)***  1.14 (0.95, 1.37)  

Intentions to Perform Health Protective Behaviors 

Avoid public places Wash my hands or use sanitizer more often Wear a face mask Avoid public transportation 

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Risk perception  1.02 (1.02, 1.03)***  0.99 (0.99, 0.99)*  1.02 (1.02, 1.02)***  1.02 (1.01, 1.02)*** 
Ebola-related fear and worry  1.31 (1.20, 1.43) ***  0.86 (0.80, 0.94)***  1.24 (1.13, 1.36)***  1.16 (1.07, 1.26)*** 
Media exposure  1.25 (1.03, 1.51)*  0.90 (0.74, 1.10)  1.41 (1.14, 1.73)**  1.13 (0.92, 1.37) 
Graphic images  1.01 (0.90, 1.13)  0.94 (0.84, 1.04)  1.08 (0.96, 1.22)  1.04 (0.92, 1.17) 

*p < .05, **p < .01, ***p < .001. 
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Path models were also tested for potential reciprocal relationships between Ebola-related risk perception and Ebola-related fear and 
worry, as risk and fear and worry may serve as reinforcing processes. The relationship was not significant in either direction, nor did it 
statistically alter any other paths in the model or improve model fit. Thus, this path was not included in the models. 

Finally, exploratory analyses evaluated the potential for curvilinear relationships between media exposure and outcomes by 
treating media exposure as a three-level categorical variable (less than 1 h, 1–3 h, 4+ hours). As with the continuous variable, the 
categorical variable did not indicate a direct relationship between hours of media exposure and performance or intention to preform 
health protective behaviors related to Ebola. However, there was a curvilinear relationship between categorical media exposure and 
risk perceptions: a significant relationship was found between 1 and 3 h per day of exposure (b = 7.53, 95% CI, 3.96, 11.09) although 
not 4+ hours per day of exposure (b = 2.14, − 7.70, 11.99) when compared to less than 1 h of daily exposure. See Supplemental Table 2 
for full results of indirect and direct effects. 

4. Discussion 

Although the 2014 Ebola outbreak posed little threat in the U.S., almost half of a representative sample of Americans reported 
performing at least one health protective behavior in response to Ebola, while the great majority said that they would do so if someone 
in their community were infected with Ebola. Although Ebola was one of the most widely reported stories at the time, only a minority 
reported spending many hours engaging with Ebola-related media or seeing many graphic images. This is in stark contrast to the high 
levels of media exposure reported during the early phase of the COVID-19 outbreak, which had an immediate, direct relationship with 
U.S. residents’ mental health [38]. Another major difference in the experiences is the high transmissibility of COVID-19, which 
resulted in severe movement restrictions during the outbreak that impacted daily life, leading to more time spent online and increased 
media consumption [48]. 

We found that both cognitive (risk perception) and affective (fear) processes mediated the link between media exposure and health 
protective behaviors. As expected, people who reported more media exposure also reported greater perceptions of risk, which, in turn, 
predicted more health protective behavior. Risk perceptions also mediated the association between amount of Ebola-related media 
exposure and intentions to perform health protective behaviors. This was the only significant path in the SEM model predicting those 
intentions. Fear and worry mediated associations between both the amount and the content of media exposure and protective be
haviors, consistent with prior research on fear-based reactions to health threats [31,33]. Contrary to our hypotheses, fear and worry 
did not mediate the associations between media exposure and intentions to perform health protective behaviors. Perhaps those af
fective responses tended to govern immediate action, while cognitive responses tended to govern intentions to act if the threat 

Table 3 
Direct effects of path models predicting performance of and intentions to perform health protective behaviors (N = 3394)a.  

VARIABLE Outcome Variables Mediators 

SEM 1: Performance of Health 
Protective Behaviorsb 

SEM 2: Intentions to Perform 
Health Protective Behaviorsb 

Ebola-related Risk 
Perceptions 

Ebola-related Worry and 
Fear 

b (95% CI) b (95% CI) b (95% CI) b (95% CI) 

Ebola-related Media Exposure 
Hours per Day  0.04  − 0.09, 0.18  0.01  − 0.05, 0.07 5.08  1.96, 8.21**  0.30  0.22, 0.39*** 
Graphic Images  0.08  0.01, 0.15*  0.01  − 0.03, 0.04  − 0.68  − 2.59, 1.22  0.11  0.06, 0.16*** 

Mediators 
Ebola-related Risk Perceptions  0.01  0.002, 0.01***  0.01  0.004, 0.01*** – – – – 
Ebola-related Worry and Fear  0.23  0.13, 0.33***  0.04  − 0.004, 0.08 – – – – 

Covariates 
Prior Mental Health Diagnosis  − 0.10  − 0.21, 0.003  − 0.03  − 0.08, 0.02  1.57  − 1.06, 4.20  0.06  − 0.01, 0.12 
Age  0.00  0.00, 0.00  0.003  0.001, 0.01**  − 0.08  − 0.16, 0.01  0.00  0.00, 0.00 
Male genderc  − 0.03  − 0.16, 0.10  − 0.07  − 0.13, − 0.01*  − 3.80  − 6.72, − 0.87*  − 0.02  − 0.10, 0.05 
Income  − 0.03  − 0.07, 0.01  0.002  − 0.01, 0.02  − 0.85  − 1.63, − 0.07*  − 0.02  − 0.04, − 0.01** 
College Educationd  − 0.23  − 0.40, − 0.06**  − 0.02  − 0.08, 0.04  − 5.10  − 8.39, − 1.80**  − 0.11  − 0.18, − 0.04** 
Ethnicitye 

Black  0.12  − 0.12, 0.36  0.08  − 0.03, 0.18  − 5.88  − 11.69, − 0.06*  0.09  − 0.07, 0.25 
Hispanic  0.28  0.10, 0.47**  − 0.14  − 0.25, − 0.03* 3.28  − 1.88, 8.45  0.18  0.06, 0.31** 
Mixed Race/Other, Non-Hispanic  0.04  − 0.27, 0.34  0.05  − 0.08, 0.19  − 0.16  − 6.32, 5.99  0.39  0.23, 0.55*** 

Regionf 

Boston  − 0.03  − 0.23, 0.18  − 0.11  − 0.19, − 0.02*  − 4.78  − 8.99, − 0.57*  − 0.06  − 0.15, 0.02 
New York  − 0.17  − 0.34, 0.01  − 0.13  − 0.22, − 0.05**  − 0.87  − 4.99, 3.26  0.03  − 0.07, 0.13 

Constant  − 1.02  − 1.35, − 0.68***  0.43  0.28, 0.59*** 43.53 36.59, 50.46***  0.98  0.81, 1.14*** 

*p < .05, **p < .01, ***p < .001. 
a Ns vary due to missing data. 
b Results may be interpreted as log odds increases in counts. 
c Female = 0 (reference group). 
d Less than college education = 0 (reference group). 
e White = 0 (reference group). 
f National sample = 0 (reference group). 
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Fig. 1. Path model depicting health protective behaviors performed in response to the Ebola virus in the U.S.  

Fig. 2. Path model depicting intention to perform health protective behaviors in response to the Ebola virus in the U.S.  
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increased (i.e., someone in close proximity becoming infected with Ebola). Also notable, some of the health protective behaviors 
assessed (i.e., washing hands, hand sanitizing) were both low effort and good public health practices generally, supporting the notion 
that people perform health protective behaviors based on external cues (e.g., media exposure) when the required effort is low and the 
perceived response efficacy high. 

4.1. Graphic media exposure 

Our results found exposure to graphic images was associated with protective behaviors performed through worry and fear but not 
risk. Prior research has found that viewing graphic images is associated with greater distress in response to terrorism [40,49]. While 
risk judgments exhibit reciprocal relationships with affective states [50,51], graphic images appeared to target primarily an emotional 
response. Such images can evoke adaptive affective responses, such as disgust, promoting avoidance of danger [52]. These affective 
responses target automatic fear-based processes in the amygdala, which have been found to precede and operate independent of 
cognitive processes, including perceptions of risk [53]. Thus, graphic images may elicit an affective response (e.g., fear and worry), but 
not necessarily a cognitive one. 

4.2. Amount of media exposure 

We found higher risk perceptions among people who reported greater media exposure, consistent with prior research, suggesting 
that sensationalized media coverage [54,55] can amplify health risks for low-probability, high-consequence threats like Ebola [56]. By 
enhancing the availability of negative events [57], even accurate reporting of population-level risk can lead to exaggerated perception 
of personal risk [58], as previously found for infectious diseases [56]. Protective behaviors based on such exaggerated perceptions 
could be rational, but unwarranted. Our results show some evidence of an over-saturation effect of media exposure on risk perception, 
whereby the highest amounts of exposure were not associated with protective behavior through risk perceptions. However, given the 
small sample size in the highest group, we cautiously interpret this finding and suggest it as an area for future research. Finally, we note 
evidence that a substantial minority of U.S. residents may have had their perceptions of risk and resulting behaviors influenced by 
incorrect knowledge about Ebola transmission: 24.5% of U.S. residents incorrectly stated Ebola was spread through airborne droplets 
[59]. Indeed, since knowledge and attitudes, in addition to risk perception, were associated with protective behaviors during 
COVID-19 [60], such factors should be integrated in future research on the impact of media exposure on health protective behavior 
during viral outbreaks and other threats. 

The link between amount of media exposure and fear and worry is consistent with previous studies regarding the Boston Marathon 
bombings and other collective trauma [39,61,62]. This may be due to activation of fear circuitry in the brain [63], which then leads to 
the maintenance of ruminative processes such as ongoing fear and worry. Data suggest these thought patterns can lead to anxiety [64] 
and motivated avoidance to reduce this anxiety [65]: health protective behaviors may serve as an active coping method to alleviate this 
fear-related distress [66]. 

4.3. Implications for promoting public health 

It may be advantageous to capitalize on these cognitive and affective processes to promote health protective behaviors during 
public health crises. Mathematical models suggest that fear-inspired flight can encourage social distancing and other behaviors that 
may help reduce disease spread [67]. Graphic images, in particular, can be utilized to promote adaptive behaviors. This has been 
effectively employed in prior public health campaigns: for example, cigarette warning labels that contain graphic images have been 
linked with emotional responses including fear and disgust that predict subsequent smoking cessation [68]; warnings that elicit strong 
emotional reactions may be particularly effective at promoting positive anti-smoking behavior [31,69]. Measured incorporation of 
graphic images to promote health protective behaviors during critical outbreaks may help minimize the impact of epidemics. This may 
be particularly true when trying to elicit higher effort behavior, such as vaccination during COVID-19 and other viral outbreaks (e.g., 
seasonal influenza): effective communication strategies are critical given the high degree of vaccine hesitancy in the U.S. and else
where [70]. Future research should explore the efficacy of incorporating such imagery into public health messaging. 

Nonetheless, the benefits of capitalizing on the media to elicit affective and cognitive responses should be cautiously weighed 
against the potential for triggering unnecessary distress throughout the population. During a low-threat situation, these affective 
responses could lead to distress, fear, and anxiety that could negatively impact psychological and physical health [71,72], overburden 
healthcare facilities [37], or lead to maladaptive responses [73]. Our results show some evidence of this phenomenon: some partic
ipants reported high risk perceptions for activities such as riding in a bus or sharing an office space, although Ebola is generally spread 
through bodily fluid and contact with dead bodies [74]. Yet since Ebola is also spread (albeit to a lesser degree) through fomites, hand 
hygiene (the most frequently performed behavior) is a rational and potentially effective way to prevent Ebola contraction, and is 
particularly useful to engage in since it is a low effort behavior. Thus, it may be advantageous to judiciously utilize images in the 
highest threat circumstances to avoid saturation, “wear out effects,” or engagement in behaviors that are not necessary. “Wear out 
effects,” in particular, can occur when messages promote health protective behavior initially and then decline in effectiveness [75]. 
This has occurred during the COVID-19 pandemic, as evidenced by reports of “pandemic burnout” [76], potentially leading to 
decreased health protective behavior. 

4.4. Limitations 

Our study has a large, representative sample, with measures of pre-event mental health and other demographic variables that 
provided relevant covariates. One potential limit is combining traditional and social media, which may have differential effects on 
outcomes [77] and exposure [78]. For example, after the Boston Marathon bombings, older individuals tended to obtain information 
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regarding the bombings from traditional media, while younger individuals used social media more often than older adults [78]. 
Although we drew from an ongoing longitudinal study, our primary analyses were cross-sectional. We were not able to test these 
relationships with longitudinal data, using intentions as a potential mediator for subsequent behaviors [79]. Without such observa
tions, we cannot fully parse directionality. As noted by Weinstein and Nicholich [80], health protective behaviors may reflect higher 
initial risk perceptions and lead to lower ones. Similarly, people with higher fear, worry, and risk perceptions may have sought more 
media exposure, which could, in turn, heighten those responses [81]. As noted in the introduction, although we treat risk perceptions 
as primarily cognitive and fear/worry as primarily affective, the two interact, with emotions and beliefs informing one another [58, 
82]. Nonetheless, as suggested by prior authors [28], we were able to assess both cognitive and affective processes concurrently in the 
context of a public health epidemic. This is important as meta-analytic findings have indicated that appeals targeting multiple pro
cesses at once tend to exhibit stronger effect sizes [29]. While we were able to test key constructs in theories of health protective 
behavior, we could not test them all (e.g., self-efficacy, social norms). Although we pretested our measures extensively, we did not 
conduct the kind of mixed-methods study needed to elucidate the reasons that people give for their decisions regarding these behaviors 
and intentions. 

5. Conclusions 

Our findings provide a picture of how the amount and type of media exposure can influence the cognitive and affective responses 
that shape intended and actual health protective behaviors during a highly publicized public health crisis. The effect of amount of 
media exposure (hours per day) was mediated by both cognitive and affective processes; the effect of type of exposure (graphic images) 
was mediated affectively. With the ever-present social media and 24/7 news coverage of health emergencies, understanding these 
processes is essential to securing appropriate health protective behavioral responses during public health crises [83,84]. These media 
can provide vital information and stimulate psychological responses that motivate engagement in health protective behaviors. 
However, they can also distort perceptions of risk and create unwarranted fear and worry [15,85]. Employing media effectively means 
addressing both cognitive and affective processes. Moreover, it must be done so in a way that promotes positive health protective 
action without over-activating the psychological stress response. This is a delicate, yet critical, risk communication task during 
large-scale public health crises. 
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