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The goal for this study was to understand how visual types, indexical versus non-

indexical, influence both the broadcasters’ language choices, as well as the effects on 

individual’s perceived risk and uncertainty to severe weather broadcasts.  A secondary 

goal is to explore if using real-time response (RTR) measurement techniques allows for 

the isolation of visual types, such as photographs/live video compared to non-photo 

visuals during weather broadcasts.  The results were as follows: (1) Individual perceived 

risk was higher while viewing indexical images as compared to non-indexical images.  

For example, the live video of tornado coverage conveyed more risk than radar images.  

The hydraulic fracking condition, however, was not significant. Hydraulic fracturing was 

used as a boundary search context. (2) Individual perceived uncertainty of the 

information was higher while viewing non-indexical images as compared to indexical 

images.  For example, the radar images created more uncertainty while the live video 

coverage decreased uncertainty.  Again, the hydraulic fracking condition did not show 

any significant differences. (3) There was no statistical difference between broadcaster’s 

language communicating with indexical versus non-indexical visuals.  In particular, the 

Linguistic Inquiry Word Count (LIWC) analysis found no hedging or uncertainty 

differences between the language used to convey visual types. (4) There was an 



 

	  

interaction effect between visual type and language (threat, impact, efficacy, other).  

Within indexicality, all message types prompted higher perceived risk with efficacy 

messages prompting the highest perceived risk followed by impacts, then threat 

messages.  All message types prompted lower perceived uncertainty with efficacy 

messages prompting the lowest perceived uncertainty, followed by impacts, then threat 

messages.  There were no significant differences between message types for non-

indexical visuals.  Using RTR methods to isolate visual effects were successful, but only 

in combination with other methods to ensure that the effect was truly from the visual, and 

not driven by other confounding variables.  Given the limitations and concerns about this 

study’s generalizability, care should be taken when interpreting the results for practical 

implications.  Further research is necessary to understand whether these visual effects are 

seen more broadly in risk communication, or if it is context specific.	  
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CHAPTER 1 
 

Introduction 
 

Abstract concepts, such as risk and scientific uncertainty, are challenging to 

visualize, as they are not always directly visible to the human eye.  As such, scientists 

must mimic these abstract concepts through a series of visualizations.  For example, 

hurricane forecasters represent the uncertainty of a hurricane track by drawing a large 

white cone, a cone that does not otherwise physically exist in reality.  Health 

communication experts also try to convey abstract cancer risks by drawing risk ladders 

(Lipkus & Hollands, 1999).  The individual may not have cancer, thus cancer cells are 

not visible, but the risk of acquiring the disease is still present due to smoking cigarettes 

or exposure to chemicals, for example.  These types of visuals often require an interpreter 

to provide meaning to these otherwise insignificant symbols. 

Much of today’s science is complex and abstract potentially requiring a viewer to 

understand their risk in relation to its corresponding uncertainties.  Given the numeracy 

challenges of interpreting uncertainty (Lipkus, Samsa, & Rimer, 2001; Schwartz, 

Woloshin, Black, & Welch, 1997), science and risk are often presented in a visual form 

to aid the viewer in the learning process (Shah & Miyake, 2005; Wogalter, 2005).  

Individuals often follow the mantra of, “I’ll believe it when I see it,” indicating that 

visualizations may play an important role.  Although photographic images of an 

impending risk are not always available, an image, photographic or otherwise, may make 

the risk more believable.  Indeed, the hazards literature provides some indication that this 

may be true.  Researchers suggest that warning messages must be as specific as possible, 

as it is more believable (Drabek, 1969; Mileti & O’Brien, 1992; Perry & Greene, 1982, 
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Quarantelli, 1984; Sorensen, 1982).  Given that hazards are spatial in nature, it follows 

that these messages would include a spatial visual component. 

There is no better exemplar of this than the field of meteorology.  Meteorologists, 

in particular, present much of their information in a visual form, such as radar or satellite 

images, or their daily weather forecast graphics.  Further, there is an enterprise-wide push 

toward communicating uncertainty of weather and hazards, which is evident by the 

National Academy of Science report on this matter (Ban, Andrew, Brown, & Changnon, 

2006).  Weather is fraught with risk and uncertainty, and thus communicating the risk’s 

uncertainty, whether it is for a chance of showers, potential tornado, or a land-falling 

hurricane, is critically important.   

Due to the importance of uncertainty, learning how to interpret uncertainties 

relative to a risk is vital. Meteorologists, doctors, and engineers, for example, do not 

communicate uncertainty for trivial reasons, but rather, communicate it to emphasize the 

varying risk and danger involved with a particular event, such as a land-falling hurricane, 

stage 3 cancer, or living near a nuclear power plant.  The growing concern is that the 

recipients of such information do not always have the ability to comprehend what these 

risks or uncertainties mean, which subsequently may lead them to under or over estimate 

their risk.  This is evident in post hurricane events with individuals stating that they wish 

they had evacuated, but did not as they underestimated their risk (Morss & Hayden, 2010; 

Whitehead et. al., 2000; Zhang, Prater & Lindell, 2004).   

Furthermore, the numeracy research indicates a more widespread challenge of 

interpreting uncertainties in the form of probabilities (Lipkus, Samsa, & Rimer, 2001; 

Schwartz, Woloshin, Black, & Welch, 1997), which has sparked much research in the 
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area of explicit numeracy visualization, such as the use of probabilities, frequencies, or 

both (Budescu, Por, & Broomell, 2012; Dieckmann, Slovic, & Peters, 2009; Peters, Hart, 

& Fraenkel, 2011; Waters, Weinstein, Colditz, & Emmons, 2006), the assessment of risk 

ladders (Keller, Siegrist, & Visschers, 2009; Lipkus & Hollands, 1999), numerical ranges 

with evaluative labels (Dieckmann, Peters, Gregory, & Tusler, 2012; Gregory et. al, 

2012), color coding (Severtson & Henriques, 2009), multiple formats (such as 

pictograms, scatterplots, boxplots, etc.) (Allen, Edwards, Snyder, Makinson, & Hamby, 

2014; Edwards, Snyder, Allen, Makinson, & Hamby, 2012; Keller, Siegrist, & Visschers, 

2009), etc. 

Other research has focused on conveying implicit uncertainty of risk through the 

use of design, such as using color, hatching, or fog and fuzzy lines (see Brewer, 2006; 

Davis & Keller, 1997; Jiang, Ormeling, & Kainz ,1995; Leitner & Buttenfield, 2000; 

MacEachren, 1992; Severtson & Myers, 2013; Severtson & Vatovec, 2012; Tufte, 2001).  

These design features are particularly useful on maps, as maps are often accepted as fact 

or truth (MacEachren, 2004; Monmonier, 1995).   

Results including measuring perceived risk, behavioral intention, and 

understanding of uncertainty from these explicit and implicit techniques are inconsistent 

and have not lent themselves to a theoretical framework (Bostrom, Anselin, & Farris, 

2008; Lipkus & Hollands, 1999; Spiegelhalter, Pearson, & Short, 2011).  In light of this, 

the goal of this dissertation proposal is to advance a visual risk theoretical framework 

taking a different perspective on conveying uncertainty of risk through visual types: 

photographs versus non-photographs.  The literature review will expound on the research 

on visual types, but the premise is that indexicality, essentially a photograph, is the 
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closest depiction of reality and proves that something (i.e., a risk) exists (Messaris, 1997; 

Peirce, 1991).  All other non-indexical graphics, such as maps, cannot prove that 

something exists, and thus, may convey an implicit uncertainty of the risk.  Thus, the 

focus of this study in on the visual effects of visual types on perceived risk and 

uncertainty.  

Why Visuals? 

Although uncertainty, probabilities, and numeracy are difficult to comprehend, 

visuals show great promise to help the public overcome these understanding obstacles.  

The literature shows that visuals enhance learning, and potentially increase memory.  

Combining text with visuals makes learning easier, especially for individuals with low 

verbal abilities (Gropper, 1966).  Carney and Levin (2002) conducted a thorough 

literature review of decades of experiments testing text with visual combinations.  

Adding in a new technology component, they found that even with new technologies, 

visuals still enhance learning.  Further, because of the dual coding that occurs when 

looking at visuals, it increases an individual’s memory for pictorial representations 

(Paivio, 1986).  In the risk context specifically, visuals are also often presented to aid the 

viewer in the science learning process (Shah & Miyake, 2005; Wogalter, 2005).   

Learning may occur in many contexts including in a mass media environment.  

The visual-verbal pairing in the mass media context becomes equally important in which 

path the individual’s processing favors, as viewers combine content when both the verbal 

and visual channels are semantically complementary (Grimes, 1990).  That is, when 

visual and verbal messages semantically relate the overall understanding of the content 

increases, which also strengthens the viewer’s focus on the verbal channel of the message 
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subsequently increasing recall.  Alternatively, when the visual-verbal channels are not 

redundant, understanding decreases, while the viewer’s attention shifts to the visual 

channel subsequently decreasing recall (Drew & Grimes, 1987; Graber, 1990; Reese, 

1984; Son, Reese & Davie, 1987).  The verbal message may contain many important risk 

messages or suggested actions for an audience.  Making sure the visual and verbal 

messages are semantically related may increase the audiences’ chances of recalling those 

risk messages potentially enabling them to act on them. 

 Much of the redundancy research has used concrete images as their 

methodological focus (David, 1998; Son, Reese, & Davie, 1987; van der Molen, & Klijn, 

2004).  Further, much of the visual communication research in general focuses on images 

presented in the news, which have a tendency to favor indexicality, that is, images of 

items that are visible in reality.  Concrete visual news examples include war and 9/11 

images (Altheide & Grimes, 1995; Chouliaraki, 2006; Darling-Wolf, 2004; Fahmy, 2005; 

Fahmy & Wanta, 2007; Griffin, 2004; Griffin & Lee, 1995; Ibrahim, 2010; Winzenburg, 

1992), presidents (Hart, Jerome, & McComb,1984; Hudson, 2007; Moriarty & Popovich, 

1991; Mullen, 1999), Hurricane Katrina (Fahmy, Kelly, & Kim, 2007; Miller & Roberts, 

2010; Wojcieszak, 2009), and representation of gay and lesbian couples (Landau, 2009; 

Moscowitz, 2010), just to name a few.  The abstractness of uncertainty and risk pose an 

opportunity to advance the redundancy and visual communication literature.  By studying 

a context such as meteorology that is simultaneously in the mass media and also conveys 

risk and uncertainty, it is an opportunity to see how risk and uncertainty verbal messages 

interact with visual types such as photographs and non-photographs to influence 

audiences’ perceptions of risk and perceived uncertainty of the information. 
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Why Real-Time Response? 

 When reviewing the literature in visual representation of uncertainty and risk, one 

characteristic was consistent.  Most research does not study the real-time effects of 

visuals in moving media.  The uncertainty research focuses primarily on static graphics 

using a combination of experimental and survey methodologies (see Allen et. al, 2014; 

Budescu et. al, 2012; Dieckmann et. al, 2012; Dieckmann et. al, 2009; Edwards et. al, 

2012; Gregory et. al, 2012; Keller & Siegrist, & Visschers, 2009; Keller et. al, 2009; 

Lipkus & Hollands, 1999; Peters et. al, 2011; Severtson & Henriques, 2009; Severtson & 

Myers, 2013; Waters et. al, 2006).   

 Reviewing the wider communication literature1 in both health and the 

environment, the visuals used are also primarily static through the use of photographs, or 

some mixed advertisements (edited photos with symbols) with surveys and experiments 

used as the main methodology (see Biener, Gilpin, & Albers, 2004; Brown & Smith, 

2007; Dahman, 2012; Knobloch, Hastall, Zillmann, & Callison, 2003; Verlhiac, Chappé, 

& Meyer, 2011; Zillmann, Knobloch, & Yu, 2001).  Two of these studies measured risk 

perception as their dependent variable (Brown & Smith, 2007; Verlhiac et al., 2011) with 

the others focused on measuring emotional characteristics of visuals (Dahman, 2012; 

Knobloch et. al, 2003; Verlhiac et. al, 2011; Zillmann et. al, 2001).  None of these articles 

focused on visual effects within videos. 

 The mass media literature, on the other hand, has used psychophysiological 

methodologies to measure emotion and attention from videos or news coverage (see 

Lang, Newhagen, & Reeves, 1996; Lang, Zhou, Schwartz, & Bolls, 2000; Ravaja, 2004).  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
1 Many articles mention the use of visuals, but do not adequately describe what the visual 
look like nor attach them as a figure or appendix. Because of this, these articles are not 
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Most of these methodologies include using heart rate or skin conductance to measure 

these effects.  For example, Lang, Potter, and Grabe (2003) used heart rate and skin 

conductance measures to test how to make television news more memorable.  Another 

study compared weight loss messages via text on a website compared to a podcast using 

skin conductance testing (Turner-Mcgrievy, Kalyanaraman, & Campbell, 2013).  There is 

also research on graphic effects using heart rate (see Fox et. al, 2004), though there was 

no detailed description of the type of visual. 

 As is evident, the idea of using real-time response is not new.  At the time of this 

study, however, there is no known research that combines the use of real-time response 

measurement to evaluate visual type effects on individual perception of risk and 

uncertainty.  Further, the type of measurement used for real-time response in this study is 

not heart rate or skin conductance, as is most common in the cognitive psychology 

literature.  The methodology employed in this study is using perception analyzers, hand 

held devices that a participant turns in response to their thoughts and opinions about a 

specific question designed by the researcher.  This methodology has been used to study 

restaurant services (Dalakas, 2005, 2006), pre-natal health (Doyle et. al, 2006) and media 

coverage of immigration (Meyer & Ségur, 2009), but it has been most notably used to 

study political communication (see, for example, Feins, Goethals, & Kugler, 2007; Kaid, 

2001; Kaid & Tedesco, 1999; Maier & Maier, 2009; Maier & Strömbäck, 2009; Tedesco, 

2002).  To date, this methodology has not been used to study visual effects of risk 

messages. 
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Why Meteorology? 

 Visuals have been studied in a variety of contexts.  Thus far, numeracy in health 

communication, the use of photographs in emotion studies, and visuals in the news have 

been briefly discussed.  These studies are primarily focused on the audience effects of the 

visual with little reflection on the choices that visual designer or TV producer makes in 

the visual choice.  Broadcast meteorology is a context in which both the reflections of the 

communicator, the broadcast meteorologist, and the effects on the audience are equally 

important.  Broadcast meteorologists, often called the “station scientist” (Henson, 2010), 

use visuals, such as satellites and radars, as data; they create visuals and analyze data in 

real-time on live television during severe weather events; and lastly, they communicate 

meteorology using their respective social and cultural influences to persuade audiences to 

take protective action.  In this way, broadcast meteorology represents a live scientific 

laboratory rich with simultaneous visual dimensions of the communicator and audience 

effects in which to study and explore. 

Overview of Chapters 

 In the next chapter, the literature review, I will expand upon the context of 

meteorology and how it is rich with visual dimensions.  I will use Burri’s (2012) visual 

logic framework combining visual value, performance and persuasion to theoretically 

examine meteorological visuals from production to interpretation to use.  The use of 

visual logic will frame the main research questions of this study.  

 Chapter 3 and 4 represent 2 full, stand-alone papers of data analysis.  Chapter 3 

will expound on the first set of research questions that focuses on whether or not using 

real-time response measurement is an effective methodology in which to study visual 
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effects of risk messages.  In this chapter, two contexts are used: meteorology and 

hydraulic fracturing.  Although the main contextual focus of this study is on meteorology, 

fracking is used as a boundary search context to compare how visuals are functioning 

similar or differently in each context.  The target journal for this paper is Risk Analysis or 

Risk Research.  Chapter 4 will further explore the context of meteorology focusing not 

only on the real-time response measurement of the visuals in the broadcasts, but also the 

interaction effect between the visuals and the language used to describe the visuals on air.  

The target journal for this paper is Science Communication. 

 Lastly, chapter 5 will reflect on the methodological and theoretical use of real-

time response in the risk context.  I will expound on both the uniqueness of this study, as 

well as the many challenges and limitations posed.  
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CHAPTER 2 
 
 

Theoretical overview: A closer look at severe weather coverage 
 
 

Introduction 
 

 Visuals play many distinct roles in science and risk communication.  From the 

initial steps of the scientific process, visuals can act as a form of data providing fast and 

often times validating results for scientists (Burri, 2012).  Visuals can also represent the 

process of science with scientists designing them based on countless hours in the 

laboratory from observing to describing and analyzing the phenomena (Lynch, 2006).  

For example, visualizing uncertainty is one way in which to describe the limitations of 

scientific findings and risk assessment.  Scientists also describe visuals during the 

communication process to external lab audiences.  Scientists’ language choices and visual 

interpretations are influenced by their disciplinary background (Goodwin, 1994) or are 

learned, interpretive practices from their social and cultural experiences (Burri, 2012; 

Joyce, 2008; Prasad, 2005).  Visuals are also used as persuasive tools, perhaps 

influencing audiences to learn or take action. 

In addition to these visual roles, there are many types of visuals in which to study, 

with each discipline describing them in their respective nuanced ways.  Some types 

include: indexicality, iconicity, and symbolism (Peirce, 1991; Messaris, 1997); 

photographs, which may also be referred to as mechanical reproductions (Lynch, 1991); 

and mechanically produced images (Perini, 2012), which, as the name infers, are 

mechanically designed by some technology, but also require the addition of scientific 

interpretation.  All of these visual types may impact the role of visuals in science 
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communication.  That is, visual type may change how scientists use them as data, create 

or design them, communicate about them, or use them for persuasion.  Moreover, the 

visual type may influence what language scientists use to describe and communicate the 

findings.  All of these visual choices – design, process, and communication (verbal and 

visual) – influences how audiences may respond.  Each individual has his or her own 

visual literacy, which combines an individual’s visual competencies and experiences (see 

Avgerinou & Ericson, 1997).  Education, experience and culture may change how an 

individual interprets and responds to visuals. 

 From a social science perspective, the broadcast meteorology laboratory is rich 

with visual dimensions. But, the laboratory in which meteorologists are focused on is 

nature, not an actual laboratory as elaborated in other studies (see Latour & Woolgar, 

1979).  The atmosphere is the laboratory in which they observe, collect data from, and 

visualize.  These observations become part of their persuasive visual power to encourage 

their audiences to take protective action.  What distinguishes this context from, for 

example, the medical practice is that this persuasive visual power is unraveled by the fact 

that their audiences may also “enter” the laboratory and make his or her own observation.  

In the medical context, a patient may see bruising, but this visual observation does not 

prove that a bone is broken.  The visual power of an x-ray conveys the medical issue of a 

broken bone, but the individual is not allowed to take or access the x-ray machine nor 

their images without the approval of a medical practitioner.  Weather radar, on the other 

hand, may strongly indicate the potential for a tornado, but it cannot always prove or 

confirm that the tornado is on the ground.  To gather visual proof, an individual may walk 

outside and observe for him or herself whether the tornado is on the ground.   
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Although the atmosphere is a public laboratory available for shared observations, 

meteorologists discourage the public to look for visual confirmation of a tornado because 

it poses safety risks to those in the tornado’s path.  Thus, for broadcasters visual types, 

photographs versus non-photographs, create a powerful story that must also be supported 

by equally powerful language to encourage individuals to skip visual confirmation and 

take protective action.  This request is challenged by the fact that individuals follow 

multiple stages of processing risk (see Griffin, Dunwoody, & Neuwirth, 1999), especially 

with warnings (Mileti & O’Brien, 1992).   But, it is unknown whether these visual types 

are perceived as equally powerful to the broadcasters’ audiences. 

Visual Types 

Definitions. There are many types of visuals in which to study with each 

discipline describing them in their respective nuanced ways. All of these visual types may 

impact the role of visuals in science communication changing how scientists use them as 

data, producing or designing them, communicating about them, or using them for 

persuasion.   

Drawing from the science and technology studies (STS) literature, Lynch’s (1991) 

mechanical reproduction describes science visuals as “utiliz[ing] various recording 

instruments for automatically producing ‘unmediated’ messages” (p. 208).  Photographs 

in this regard are included in this definition, as some type of photographic technology is 

used to capture the image, such as a camera, cell phone, camcorder, etc.  It is still 

mechanically produced.  But what’s more is that a table or diagram is also mechanically 

produced, as data “are assembled, examined, measured and analyzed” (Lynch, 1991, 

p.211) to produce the image.  Although photographs and for simplicity sake, non-
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photographs, have an aesthetic difference – the former indicates an object that can be 

seen in reality – they both can represent real phenomena (Lynch, 1991). 

This slightly differs from Messaris’ (1997) visual communication work on 

developing Peirce’s (1991) description of indexicality, which is defined as features that 

are “caused by its object and serves as a physical trace pointing to its existence” 

(Messaris, 1997, p. viii).  Photographs, it is argued, are the closest depiction of reality 

proving that an object existed in that moment in time (Messaris, 1997; Sontag, 1977).  

For example, a picture or video (a moving photograph, if you will) of a tornado proves 

that the tornado existed at one moment in time.  A drawing of a tornado on the other hand 

does not prove that the object, the tornado, existed in reality.  A drawing is not a physical 

trace pointing to the tornado’s existence like photographs.  Perini (2012), from an STS 

perspective, believes that photographs have a nuanced difference from non-photographs.  

Her research focuses on mechanically produced images, which differ from Lynch’s 

perspective as she argues that photographs do not require scientific interpretation.  This 

view adopts a philosophy that ‘reading’ photographs is an innate skill given the ability to 

see (see Cassidy & Knowlton, 1983; Hochberg & Brooks, 1962; Messaris, 1994).  

There are, however, photographs that are mechanically produced and require 

scientific interpretation, such as, x-rays or magnetic resonance imaging.  On the one 

hand, these photographs are indexical such as an MRI proving a tumor exists, but Perini 

argues that it requires expert knowledge to understand its meaning (see also Joyce, 2008; 

Prasad, 2005) implying that visual literacy is not innate, but rather, is learned (See Liben, 

1999, 2001; Liben, Kastens, & Stevenson, 2002; Rowley-Jolivet, 2004; Uttal & 

O’Doherty, 2008).   
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In light of this, it is my view that there are two types of indexical images that 

prove something exists.  The first type captures an image exactly how an individual 

experiences it in reality, such as a photo of a tornado on the ground.  The second is a 

depiction of reality that still proves something exists, but does not have the same 

appearance as the object in reality.  X-rays, MRIs, and radar images would fall into this 

category.  Humans are not black and white like x-rays; nor are MRIs accurate color 

depictions of, for example, a brain.  Weather radars can provide proof of precipitation, 

but rain does not fall according to a rainbow spectrum.  These types of visuals have an 

aspect of proof and an aspect of imitating a characteristic of reality, such as colors used to 

represent the object. 

 These images, then, are mechanically produced in some way, as they represent the 

scientific process that led to their production or are literally produced by mechanical 

technology.  These types of images have some features that “characterize some form of 

similarity or analogy between the sign and its object,” (Messaris, 1997, p.viii) which is 

called iconicity.  One example with specific relevance to this study is weather radar 

images.  Radar produces an overview of the precipitation intensity and shape of a 

thunderstorm, for example.  It allows forecasters to view “inside the cloud where the 

human eye cannot see” (Vasiloff, 2001, section 1).  It could be argued that radars have 

indexical qualities.  That is, seeing something on the radar proves that something is there.  

But, the argument falls apart due to its mechanical features.  The something is not always 

proof that a storm exists, but, rather, it could be ground clutter, bats, birds (Schuur et. al, 

2003), or even reflections from wind turbines (Isom et. al, 2009).  Dr. Fine, who wrote 

Authors of the Storm, sums it up, “A radar image cannot be read transparent; it must be 
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interpreted,” (2007, p.50) much like Perini’s definition (2012).  Symbols, on the other 

hand, have no “similarity nor physical causation but, instead,  [are] an arbitrary 

convention on the part of the symbol’s users” (Messaris, 1997, p.viii).  Radars use a 

rainbow spectrum to indicate the increasing precipitation intensity, but this choice is 

arbitrary.   

 Part of what complicates the definition of visual type is how individuals perceive 

the image.  When a photograph of a person is in black and white, it is accepted as 

indexical, even though in reality the individual is not in black and white.  Although they 

are mechanically produced, images such as x-rays and MRIs have become accepted as 

indexical proof of a medical issue. In this study, these images, along with photographs 

that represent how we see reality, will be treated as indexical. 

 Weather radars, on the other hand, may be accepted as indexical to experts who 

understand the representation, but to many others, it functions more as an imitation of 

reality or an analogy between precipitation intensity and rainbow colors and shapes.  In 

this study, these types of images will be called non-indexical.   

 This study will examine the effects of visual type, indexical and non-indexical 

within the risk context of meteorology, and even more specifically, within tornado 

warnings.  Indexical images in this study refer to still photographs or live video coverage 

of a storm that may include showing a tornado on the ground.  Non-indexical images will 

primarily refer to weather radar images. 

 Visual types and risk communication.  One reason to example visual types is 

because they may function differently, and therefore, influence risk perceptions in unique 

ways.  Radars provide a layer of information, but may not provide the proof required to 
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take action.  An important aspect of warning messages is to make it as specific as 

possible to increase believability (Drabek, 1969; Mileti & O’Brien, 1992; Perry & 

Greene, 1982, Quarantelli, 1984; Sorensen, 1982).  If individuals perceive a tornado 

warning as uncertain, and thus insufficient information, they may seek more information 

such as visual confirmation.  Radar cannot provide that type of proof.   

 Information insufficiency plays a vital role in whether an individual will 

systematically or heuristically process risk messages.  Systematic processing requires 

more effort, whereas heuristic process is quick and intuitive (Chaiken, 1980; Eagley & 

Chaiken, 1993; Johnson, 2005; Trumbo, 1999).  When an individual does not have 

adequate information to act, they will “exert whatever effort is required to attain a 

‘sufficient’ degree of confidence that they have satisfactorily accomplished their 

processing goals” (Eagley & Chaiken, 1993, p.330).  If a visual type does not provide 

adequate certainty of the risk, which is a component of a detailed warning message 

(Sorensen, 2000), then acquiring additional information is needed.  This may prompt 

more systematic processing.  But, just hearing that a tornado warning has been issued 

may prompt heuristic processing to act. 

 Although this study is not measuring whether an individual is systematically or 

heuristically processing the information, this literature sheds light on how visual types 

may or may not provide (in)sufficient evidence of a risk.  Thus, not only is this study 

examining visual type effects, it is specifically looking at how visual types influence risk 

and uncertainty.  The next section will expand on how indexical and non-indexical 

images may provide different visual logic (Burri, 2012) concentrating on the visual value, 

visual performance, and visual persuasion of images.  This framework will be further 
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focused on two juxtaposing visual types, the non-indexical weather radar in reference to 

tornado warnings compared to the indexical photo or video footage of a tornado on the 

ground.  Understanding these specific visuals is vital in understanding how these visual 

types influence audience interpretation. 

Visual Logic 

Burri’s (2012) visual logic framework aims to create a sociological approach that 

theoretically examines visuals from production to interpretation to use.  These ideas are 

reflected in the three main components in which this section will be divided: visual value, 

visual performance and visual persuasiveness.  

 Visual Value. As the proverb states, pictures are worth a thousand words.  

Visuals have qualities that cannot quite be captured in the same way as text.  Visuals 

have the capacity to summarize information quickly and efficiently in a holistic manner.  

As stated previously, a radar image can simultaneously show the shape and precipitation 

intensity of a thunderstorm, as well as provide spatial locations of the storm in the matter 

of seconds. Additionally, the shape, symbols and colors can also indicate rotation and 

potential tornado debris signatures, which is vital information during a severe weather 

event. 

 As background, the National Weather Service (NWS) has a nation-wide radar 

system operationally referred to as the WSR-88 (weather surveillance radar) network that 

was just upgraded with dual-polarization allowing the radar to send pulses in 2 different 

directions (horizontally and vertically) into the atmosphere rather than unidirectionally 

(NWS Radar Operations Center (ROC), 2012).  The radar transmits radio waves that send 

back the “phase,” or shape, position and form of the wave.  Once the radar fully rotates, 
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which takes about 4-6 minutes, it provides a full 3-dimensional look of the storm (NWS 

Jetstream School for Weather, 2010), which is then overlaid on a map of the area with, 

for example, town, city, and street names.  Further, with the new dual-polarization 

functions, the radars now have the ability to detect debris lifted into the air by a tornado, 

if the debris reaches the radar’s elevation beam (Van Den Broeke, 2014).  This visual 

feature is called a “debris signature.” 

 The ability of radar technology to produce images in the matter of minutes that 

summarize the risk for a large geographic area is the visual value of this image.  Visual 

value refers to the qualities or “non-discursive characteristics of images constituted 

through social practices” (Burri, 2012, p.50).  Radar may have a different visual value 

with another audience (see Butterworth, 2008), but within the social practice of 

meteorology, the visual value includes, but is not limited to, the radars ability to visualize 

the parts of a storm that are unseen to the human eye; summarize precipitation intensity; 

identify potential areas of tornadic activity, etc.  All of this visual value helps add 

specificity to the message, which is critical for warning messages (Drabek, 1969; Mileti 

& O’Brien, 1992; Perry & Greene, 1982, Quarantelli, 1984; Sorensen, 1982). 

 Although radar data is an essential component of weather communication, there 

are functions of radar that do not necessarily decrease its value, but may increase the 

value of its visual counterpart, the photograph.  Radar data is not always accurate (see 

NWS JSW, 2014; Schultz et al, 2012; Van Den Broeke, 2014).  For example, only 

“19.4% of reported tornadoes were associated with a [debris signature]” from January 

2012 to May 2013 (Van Den Broeke, 2014, p.3).  This, however, is due in part to tornado 

strength with stronger tornadoes creating more debris than weaker tornadoes.  Moreover, 
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a debris signature may be present in the radar depiction, but may not signal an actual 

tornado on the ground.  Analysis of radar and ground truthing data show that debris 

signature criteria may be present, but stated simply, no tornado exists.  Or, a debris 

signature could be present because residual debris is still dispersing, but the tornado has 

lifted, or alternatively, the debris signature may not correspond to the actual ground path 

(Schultz et al, 2012).  Thus, although radar has a lot of visual value, its limitations create 

uncertainty in knowing whether a tornado exists or not. 

 This is where radar images continue to differ from other mechanical images, such 

as MRIs.  In the medical context, MRIs are seen as “windows” into the human body 

(Rao, 2003).  Radar images act similarly in that they allow a window into a cloud.  But, 

radar does not, however, replace the literal window in which individuals may see the 

scientific phenomena of interest, the sky.  Although radar provides scientific evidence 

that a tornado potentially exists, a photograph of the tornado, and subsequently the sky, 

can prove that it is on the ground.  A photograph’s indexical qualities provide a unique 

value in a risk context.  The image of the tornado, either a photo or live video coverage, 

is the object in reference, and the image points to its existence at that moment in time.  

Because most severe weather coverage is live, it proves the tornado exists at the exact 

moment that the broadcaster is conveying the risk.  Its indexical quality provides a 

different visual value than its radar counterpart; it provides a level of certainty, and 

perhaps, a level of information sufficiency for risk perception and subsequent response.   

 But, it should also be noted that photographs or live videos of tornadoes also 

come with another cost: it risks the lives of those chasing the storm.  The 2013 storm 

season took the lives of three tornado researchers who came too close to a storm in 
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Oklahoma (Draper, 2014).  That same system threw a storm-chasing vehicle operated by 

The Weather Channel, but fortunately no one had life threatening injuries (see 

Achenbach & Samenow, 2013).  These events have left many in the storm chasing 

community wondering about the value of these videos and photographs.  TV stations will 

often pay for video coverage of a tornado creating a competitive “I saw it first” 

environment (see Doswell, 2014; Livingston & Ellinwood, 2013) rather than focusing on 

the risk communication potential of the visuals.  Although just using radar images could 

potentially decrease this ethical dilemma, the indexical qualities of the live coverage or 

photographs from storm chasers still provide needed proof to confirm a tornado, as 

echoed by Dr. Forbes from The Weather Channel (Zoroya, 2013), “Still, there remains 

significant value in on-the-ground reporting of tornadoes… Storm chasers can confirm 

the sighting of funnels and whether they have reached the ground.”  Thus, both visuals 

provide value and are needed for weather communication. 

 Rather than looking at the singularity of each visual, there may also be a visual 

value in showing each visual supporting a correspondence theory of representation 

(Lynch, 1991).  Each visual has a value, and in this case, the weakness of one is a 

corresponding strength of the other.  The photograph proves that a tornado exists whereas 

the radar cannot always provide this function.  But, the photograph cannot necessarily 

place the risk in a spatial or temporal framework whereas the radar provides locations and 

timing of the risks.  Thus, although each has an individual value, the pair structure of the 

two may provide an overall visual value to severe weather coverage.  Therefore, both 

visuals may provide value, but given their distinct qualities, they may have different 
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effects on audience’s perceived risk and uncertainty of the information, as well as, may 

influence the broadcaster’s language used to convey their qualities. 

 Visual Performance. Under Burri’s (2012) visual logic, visual performance has 

two main considerations: (1) the aesthetic choices encompassing the visual, and (2) the 

interpretive practice taken by the scientist (Burri, 2012).  But, before elaborating on these 

two components, it is important to understand the context in which performance is used.  

Visual performance refers to Goffman’s (1959) theatrical metaphor exploring how actors, 

any individual or in this case scientists, conduct themselves in a setting, or a “stage,” and 

how audiences may take away meaning or impressions.  The stage has two parts: the 

front stage, which is visible to the audience, and the back stage, the components of the 

production that is hidden from the audience (Goffman, 1959; Hilgartner, 2000).   

 Looking closer at the aesthetic choices of the visuals requires exploring the back 

stage of the visual performance. By the time the audience sees the visuals, the visuals are 

in their final version ready for front stage production.  The visual, then, represents “a 

nexus of activities that include observation, measurement, description, analysis and 

demonstration” (Lynch, 2006, p.27), that the audience never sees.  This backstage 

performance holds true for both the radar image and tornado photos or videos. 

 For example, to produce the radar image necessitates acquiring the funds to build 

it, the construction time and placement of the radar technology to ensure coverage of a 

geographic area, data analysis, and coloring choices for the final product (Henson, 2010). 

“Rainbow radar,” as it was called in the 1970s, shows different colors for increasing 

precipitation intensity with blue indicating lower levels and red showing the most intense.  

These colors and intensity levels are not standardized, however.  Thus, each television 
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station sets their color intensity levels changing the visual aesthetics.  Further, to 

communicate the findings requires interpretation, which may or may not occur in front of 

an audience.  In fact, Henson (2010) argues that some wind interpretation needed for 

tornado forecasts is conducted backstage: 

Since the depiction of winds is so complicated to explain, stations typically show 
only colored blobs of rain and snow – the same kind of imagery that conventional 
radar produces.  However, a capable broadcast meteorologist can use Doppler 
[radar] to monitor violent winds between on-air segments, then relay the most 
salient features to viewers without showing the display itself. (p.104) 
 

Henson is referring to another image that radars produce called velocity images, which 

depict winds moving toward and away from the radar.  These images are not as intuitive 

as the rainbow spectrum, and therefore, are not always shown on air, but are analyzed 

backstage.  Thus, the radar images shown on stage, live during a weather performance, 

have much preparation backstage that an audience never sees. 

 Similarly, the photograph or live video of a tornado also has many background 

steps.  Storm chasers do not haphazardly stumble upon a tornado, but must plan where 

they will travel based on forecasting and analysis.  It requires hours of traveling, and 

literal chasing of clouds, to see if the storm they chose will generate a tornado.  If it does, 

the photographer then must decide which camera to use, the lighting features to set, the 

zoom level, etc.  All of these performance steps are unseen to the audience, but influence 

the final visual product that is shown. 

 The increasing availability of both radar and photographic images of tornadoes 

transformed the act of severe weather coverage.  Television necessitates more than verbal 

communication, but it requires the combination of visual and verbal communication 

(Graber, 1990).  Historically, the addition of new weather imagery technology created 
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“weather wars” with each station competing for the best visual display, and subsequently, 

best visual performance.  In fact, it is this competition and visual ability that led to wall-

to-wall severe weather coverage (Henson, 2010).  Now that television stations had 

adequate verbal and visual resources, broadcast meteorologists could perform live for 

many minutes, if not, hours, as the visual displays update.  This also may have fed into 

the competitiveness among storm chasers, creating the  “I saw it first” environment (see 

Doswell, 2014; Livingston & Ellinwood, 2013), as photographs and video footage are 

commonly used on-air.  But further, this “I saw it first” competitiveness could also relate, 

and therefore, propagate the issue, to photographs providing proof and certainty of the 

risk.  The live coverage performance of who acquires a photograph first may have an 

effect on how audiences respond to each visual; if radar is not adequate for the 

broadcasters’ coverage, then why should it be adequate for an individual to take action? 

 Today’s on-air visual performance, however, must strike a balance between 

institutional competitiveness among stations and effective risk communication.  The 

competitiveness of the performance works in two directions.  First, the broadcaster is 

competing with other broadcasters in their respective television market. And secondly, 

the broadcaster is competing for the trusted weather source of their respective audience.  

The risk research strongly suggests that trust is a critical component of garnering 

cooperative action  (Cvetkovich & Lofsted, 1999; Renn & Levine, 1991; Siegrist, Earle, 

& Gutscher, 2003; Slovic, 1993), which broadcasters may try to encourage during a 

tornado warning.  These possibly conflicting performance goals require “attention to 

systems of stage management and the role of various modes of information control in 

creating authorized voices, authoritative knowledge, and credible science advice” 
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(Hilgartner, 2000, p 19).  Although competition is an influential component of visual 

performance, this paper focuses more on the latter, the managing of authoritative 

knowledge through visuals. 

 Goffman (1959) hints at this authoritative component of performance.  He states: 

There is a kind of “rhetoric of training,” whereby labor unions, universities, trade associations, and 
other licensing bodies require practitioners to absorb a mystical range and period of training, in 
part to maintain a monopoly, but in part to foster the impression that the licensed practitioner is 
someone who has been reconstituted by his learning experience and is now set apart from other 
men” (p.46). 
 

In other words, a broadcast meteorologists’ training is setting them apart from non-

meteorologists, and perhaps, their viewing audience.  This “rhetoric of training” may 

foster the authoritative impression needed to maintain trust with their audience.  Echoing 

these sentiments are the certification programs that broadcast meteorologists may acquire 

through either the National Weather Association or American Meteorological Society.  

Just as Goffman suggests, there is a “rhetoric of training” to ensure the credibility of the 

discipline of meteorology.  Further, some station managers require their broadcast 

meteorologists to carry a seal to demonstrate their expertise (Henson, 2010), which in 

doing so manages the capability differences between actors on stage, the expert 

broadcaster, and the audience, presumably a non-expert, who is listening (Hilgartner, 

2000).    

 Although there is a set criteria for what a broadcast meteorologist should know, 

the individual broadcaster may still have unique experiences or education that influences 

their respective performance.  Each meteorology program may have different teaching 

styles, emphasize certain hazards over others, or offer different electives that may 

influence their visual performance.  These unique experiences are what shape each 

broadcaster’s “interpretive practice” of reading images (Joyce, 2008, Prasad, 2005).  For 
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example, a student studying at the University of Oklahoma (OU), due to its geographical 

location, will have more opportunities to experience storm chasing than a student 

studying at the Pennsylvania State University (PSU).  Conversely, the student from PSU 

will undoubtedly have more winter weather experience than students at OU.  Geographic 

placement of a school, formal education, and other gathered experiences influence each 

broadcaster’s interpretive practice.   

 These varying interpretive practices also lead to different professional visions. 

Goodwin (1994) defines professional vision as, “socially organized ways of seeing and 

understanding events that are answerable to the distinctive interests of a particular social 

group” (p.606).  Broadcast meteorologists see value in weather images that others, 

perhaps, cannot see so quickly or distinctively, such as a debris signature, hook echoes, or 

velocity couplets, which are all meteorological features indicating a potential tornado.  

These varying interpretive practices and professional visions influences broadcast 

meteorologists’ performances when communicating with different visual types.  Their 

knowledge and experience may impact what they see in the visual, and subsequently, 

impact how they verbally perform their explanation.  As Burri (2012) summarizes, “The 

social order in which the actors are embedded is incorporated into their practical sense 

and shapes image interpretation.  Such examples show that what is depicted in the image 

- the visual performance - is always a social and cultural achievement” (p.52). 

 But just as the broadcasters’ performance is embedded in a social and cultural 

environment, so too is the performance of reacting and responding to this visual 

performance.  The weather media community has created a visual performance that 

includes aesthetically pleasing radar images in combination with live coverage of the 
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tornado on the ground.  This performance shapes how audiences’ expect to hear weather 

risk messages.  Tierney (1999) explains:  

Information on hazards is disseminated to the public and framed by organizations, particularly 
large media entities, whose approaches to presenting material on risk are influenced 
overwhelmingly by the very kinds of organizations responsible for producing hazards in the first 
place. People's perceptions on risk are shaped by the ways in which risk-related information is 
communicated to them by these sources (p.234). 

 
Although individual’s risk perceptions are shaped by media performances, it does not 

mean that they will all react uniformly, as cultural differences (Douglas & Wildavsky, 

1983), experience (Barnett & Breakwell, 2001; Keller, Siegrist, & Gutscher, 2006), 

attitudes about hazards (Slovic, 1987), and heurstics (Tversky & Kahneman, 1974) to 

name a few, all influence individual’s risk perceptions.  Within the meteorology context, 

little is known about how visual types influence individual risk perceptions.  But, this 

visual performance analysis does show that experts have an affinity toward the indexical 

and will go to great lengths to capture indexical images, even though they may see expert 

proof in a radar.  The question remains do audiences feel the same. 

 Visual Persuasiveness. Now that the visual value has been distinguished between 

radars and photos of tornadoes, and the stage of visual performance has been elaborated, 

this next section focuses on Burri’s (2012) concept of visual persuasiveness, which 

focuses on the persuasive properties, the aesthetics, the authoritativeness and the 

trustworthiness, of the visual on the scientific community and their respective audience. 

 Burri (2012) argues that within the scientific community, in particular with 

medicine, “it is the aesthetic appeal and seductive power [of the visual] that is more 

effective … The more beautiful the image, the more attention it may get” (p.52).  In fact, 

many scholars agree that the aesthetics are visually persuasive (Burri, 2013; Dumit, 2004; 

Joyce, 2005; Lynch & Edgarton, 1988), and there is evidence that this is shared amongst 
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the meteorological community.  One such example is from a group of NWS forecasters 

discussing radar images.  Fine explains, “The forecasters gather around the radar screen, 

gazing respectfully at a “hook echo,” a classic indication of a tornado, because of its 

indication of strong circular wind rotation.  They are impressed by the beauty of the 

colorful image on the radar, even while realizing the destruction it may cause” (2007, 

p.22).  The beauty of the radar, the aesthetic appeal, is partially responsible for the radar’s 

impressiveness.   

 Alternatively, viewing and photographing a tornado has similar effects.  In one of 

the last interviews with the late Tim Samaras, he described what it’s like to tornado 

chase: 

Being close to a tornado is one of those incredible, fleeting moments that sometimes you have to 
take a couple of seconds to take in.  You can see in detail the tornado, the wind flow; you can 
actually hear it. And the sounds are different. If [the tornado is] in an open field, it sounds like a 
waterfall. If it's in a populated area, it becomes more of a thundering sound (Lee, 2013). 
 

One aspect of the tornado’s beauty is seeing the details of the science in reality, the wind 

flow as Samaras states.  This awe of seeing a tornado may also influence the public to 

witness the tornado for themselves.  Not only does seeing the tornado provide risk 

certainty, there is also something “incredible,” as Samaras states, about seeing it 

firsthand. 

 Although scientists’ audiences may also see something beautiful in scientific 

images, Burri (2012) argues that it is the authoritativeness of the images that audiences 

find persuasive.  Scientific images such as radars or MRIs represent the scientific 

process, “a nexus of activities” (Lynch, 2006, p.27), and thus carry a visual authority with 

them.  Within the medical field, Burri writes how images persuade patients to make 

decisions noting that, “Seeing the images is a demonstration …the image works here as a 



	   28	  

rhetorical strategy” (2012, p. 52).   But, it is not the image alone that carries that 

authority, but rather it is the combination of the scientific image with an expert 

possessing the required professional vision.  MRIs, for example, became mainstream not 

just because they were aesthetically pleasing or because they represented a technological 

process, but because there were expert radiologists who could see and explain their value 

(Joyce, 2006). 

 This visual expertise is also present within the broadcast meteorology community.  

Although television use is in decline compared to Internet use, especially with younger 

populations (Liebowitz & Zentner, 2010), television weather reporting remains the 

primary source of information during a storm (Lazo & Morrow, 2013).  Authoritativeness 

and credibility is an important aspect of risk communication.  Individuals’ perceptions of 

the source’s “knowledge and expertise, openness and honesty, and perceptions of concern 

and care” (Peters, Covello, & McCallum, 1997) can influence their response to risk 

communication. 

 Although credibility in the source is vital in risk communication, Burri (2013) 

emphasizes the credibility of the visual itself, not necessarily trusting the expert.  In the 

medical context, it is noted that patients and medical practitioners often trust visuals, 

mechanically produced images, like they are indexical photographs (see Joyce, 2005; 

Rao, 2003).  In fact, many medical practitioners use the phrase “see” as in, see the heart 

or see the lungs, when referring to MRI images suggesting that, “These examinations 

provide unmediated access to the truth of the body. In this way, the virtual becomes the 

real” (Joyce, 2005, p.444).  Similar sentiments can be found in the meteorological 

community as well. In a NOAA training video for the new dual polarization radars, Paul 
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Schlatter (2014) states that dual polarization radar is, “As good if not better than a spotter 

report of a tornado,” arguing that this radar provides unmediated access to the truth of the 

atmosphere.  There is further evidence of this phenomenon in the map literature with 

audiences accepting maps as fact or truth (MacEachren, 2004; Monmonier, 1995). 

 But, like interpretive practices, visual persuasiveness is also influenced by 

sociocultural factors. “The power of the visual persuasiveness depends on individual 

experiences, cultural meanings, social conventions, institutional contexts, and local ways 

of thinking and perceiving” (Burri, 2012, p.53).  Thus, the aesthetics, authoritativeness 

and credibility of visuals all depend on who is viewing the visual, which will determine 

how persuasive a visual will be.  By this understanding, indexical and non-indexical 

weather images could be equally or unequally visually persuasive.  

Research Questions 

 To study the sociology of images requires understanding the visual logic behind 

the images, which includes the properties and production of the visual value, the 

performance of that image by the actors involved, and the persuasiveness of that visual to 

the actor. The framework offers an approach to think about visual types, in this case the 

indexical photograph of a tornado and the non-indexical radar image.  The framework, 

however, raises many questions about the similarity or differences between these types of 

images, especially within a risk communication context in which tornadoes fall. 

 Due to their scientific production differences, radar and photographs offer 

complimentary, but distinctive values to broadcast meteorologists.  Radar images act as a 

window into a cloud allowing broadcasters to understand the shape, size and intensity of 

a storm.  This value allows broadcasters to assess if there is a heightened threat or risk to 
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their respective audience.  But, given the limitations of the technology, radar does not 

replace the indexical quality of a photograph of a tornado, which can provide proof of the 

risk.  Based on their respective visual values in the tornado context, non-indexical images 

provide uncertain evidence of a risk whereas indexical images provide certain evidence 

of a risk.   

 Although this evidence may conclude that there is a difference between the two 

visual types based on value, the explication of visual persuasion posits that non-indexical 

images carry scientific authority, which indexical photographs may or may not possess.  

Recall that non-indexical images are distinguished from their indexical counterparts, as 

non-indexical images represent scientific authority through the scientific process of 

producing them.  Although broadcasters are acutely aware of the technical limitations of 

radar, broadcasters, and their viewers alike, may still see the image as a trusted view of 

reality, just as medical practitioners view MRIs. With this view, non-indexical radar 

images may carry more scientific authority about the risk of a tornado.  

 Given these contradictory conclusions, this study poses the following research 

questions: 

RQ1: Do individuals perceive a difference in risk when viewing indexical 

compared to non-indexical images? 

RQ2: Do individuals perceive a difference in uncertainty when viewing non-

indexical compared to indexical images? 

 Audience perceptions are not the only variable that visuals influence, however.  

For the same reasons above, namely visual value and persuasive differences, broadcast 

meteorologists may communicate with language differently between visual types.  If 
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broadcasters view radar images as uncertain, then perhaps they will use more hedging 

language, for example.  Hedging is defined as, “The expression of tentativeness and 

possibility, and it is central to academic writing where the need to present unproven 

propositions with caution and precision is essential” (Hyland, 1996, p. 433).  In this case, 

the possibility is the risk of a tornado, but to maintain the broadcasters’ credibility, they 

may provide some “tentativeness.”  Alternatively, however, if broadcasters see radars as 

authoritative evidence of what is occurring in reality, then there may be no need to 

differentiate the language between describing radar and a photograph. Thus, this study 

poses the following research question:  

RQ3: Do broadcasters differentiate how they verbally communicate while 

presenting indexical compared to non-indexical images?  

 Ignoring the influence of the visual type on language, language itself carries 

messages that my influence or persuade an audience.  Risk messages in particular may 

offer the “nature, magnitude, significance, or control of a risk’’ (Covello, 1992, p. 359).  

One of the most common persuasive devices used in risk communication are fear appeals 

defined as messages that “arouse fear by promising negative consequences for not doing 

a certain behavior” (Witte, Meyer, & Martell, 2001, p.2).  There are two main 

components to fear appeals: a threat message and a recommended behavioral response.  

Threat messages include the seriousness of and the potential for audiences to experience 

a threat, whereas behavioral messages commonly referred to as efficacy messages 

provide recommendations to alleviate a threat (Witte, 1992).  

 Although broadcasters communicate threat to their audiences in many ways, one 

distinct way is to communicate the threat’s uncertainty.  In essence, if the broadcaster 
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perceives more severity or becomes more confident that the risk is not a possibility but a 

definite occurrence, then their language surrounding the threat may reflect this.  One way 

to evaluate this is by looking at the use of validity markers, or epistemic modal verbs (see 

Crismore, Markkanen, & Steffensen, 1993; Kopple, 1985; Kranich, 2011), such as, may, 

might, could, perhaps, etc.  Introduced by Kopple and adapted by Crismore and 

colleagues, validity markers:  

Assess the truth-value of the propositional content and show the author’s degree of commitment to 
that assessment, i.e., hedges (e.g., might, perhaps), emphatics (e.g., clearly, obviously), attributors 
(e.g., according to X), which are used to guide readers to judge or respect the truth-value of the 
propositional content as the author wishes (Crismore, Markkanen, & Steffenson, 1993, p. 46). 
 

In other words, communicators may choose to emphasize or deemphasize their statement 

based on the evaluation of the truth at hand.  If a threat is a definite occurrence, then there 

is no need to hedge (e.g., there is a tornado on the ground).  If, on the other hand, the 

threat is not definite, but a possibility, then using a hedge is appropriate (e.g., There may 

be a tornado on the ground).  Thus, in this study there are 2 types of threats, a hedged 

threat, which will be called threat, and a non-hedged threat called impact.  Combining 

this with behavioral messages, (e.g., Take shelter) then, there are three categories of 

language that may persuade audiences to evaluate their risk.  Thus, this study poses the 

following research question:  

RQ4: Does the broadcaster’s language interact with visual type to influence 

individuals’ perceived risk and perceived uncertainty?   
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CHAPTER 3 
 
 

Measuring perceived risk and uncertainty of indexical versus non-indexical visuals 

using real-time response measurements  

 

Introduction  

Visuals play an integral role in conveying risk information. Graphs or risk ladders 

may visually convey relative risks or estimates, whereas a photograph may convey a 

more tangible risk, such as a tornado or a chemical plant explosion.  Whether the risk is 

tangible or intangible, visuals are often used to help convey, communicate, and enhance 

risk messages, as visuals aid the viewer in understanding the information (Shah & 

Miyake, 2005; Wogalter, 2005).  Yet, we know very little about the theoretical 

mechanisms as to why some visuals improve understanding, increase perceived risk or 

prompt behavior.   

Visual risk research has primarily focused on static graphics.  Much attention has 

been given to risk ladders, pie charts and stick figures (Lipkus & Hollands, 1999; Ancker, 

Senathirajah, Kukafka, & Star-Ren, 2006), which have complimented verbal information.  

Other researchers have focused on static uncertainty graphics (Broad, Leiserowitz, 

Weinkle, & Steketee, 2007; Spiegelhalter, Pearson, & Short, 2011), but have yet to 

determine consistent design guidance. All of this visual research has contributed to some 

understanding of perceived risk, behavioral intention and understanding of uncertainty, 

but the results are inconsistent with one another, and thus, has not lent itself to a 

theoretical framework for visual risk messages. 
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 In response to this, researchers are calling for more visual risk research.  

Spiegelhalter, Pearson and Short (2011) called for “careful case studies describing the 

development and evaluation of specific [uncertainty visual] examples in a range of 

contexts” (p. 1400).  Bostrom, Anselin, and Farris (2008) conclude that “Research is 

needed to design and test alternative ways to communicate risk and uncertainty for low-

probability high-consequence events.  Additional testing would be helpful to enrich our 

knowledge about perception in relation to visualization techniques” (p. 36).   In part, this 

experimental case study is a response to these calls for more visual risk and uncertainty 

research.   

The goal of this study is to understand how different types of graphics, 

photographic versus non-photographic, impact perceptions of risk and uncertainty.  A 

secondary goal is to explore if using real-time response measurement techniques allows 

for the isolation of visual types, such as photographs/live video compared to non-photo 

visuals during environmental news broadcasts.   

Literature Review 

Overview of Visual Types 

 One of the challenges in studying visuals is agreeing upon what type of visual is 

under analysis.  Scholars from many disciplines have offered ways of thinking about 

visual types.  For example, geography offers the “Image to graphic continuum” 

(MacEachren & Ganter, 1990), with images derived from something that exists whereas 

graphics are created, and thus are not representational of an object.  Science 

communication offers a referent based system (Pauwels, 2006) emphasizing the 

referent’s concrete to abstractness based on ability to be seen with the human eye versus 



	   35	  

with technology or not all.  The visual type under analysis in this study stems from 

Messaris ‘(1997) work on indexicality and iconicity.  Although Messaris’ framework 

offers some complexity with the lack of mutual exclusivity between indexicality and 

iconicity, its conceptual framework works best to isolate visual types in environmental 

broadcasts.    

In his book Visual Persuasion, Messaris (1997) discusses Pierce’s (1991) 

categories of visual features: indexical, iconic, and symbolic.  Indexical signs are features 

that are “caused by its object and serves as a physical trace pointing to its existence” 

(p.viii).  By Messaris (1994) and Sontag’s (1977) definition, photographs prove that the 

object exists.  Under this analysis then, photographs or videos are the closest depiction of 

reality and provide certainty that something exists.  Iconic signs are features that 

“characterize some form of similarity or analogy between the sign and its object” 

(Messaris, 1997, p.viii).   Lastly, symbols have no “similarity nor physical causation but, 

instead,  [are] an arbitrary convention on the part of the symbol’s users” (Messaris, 1997, 

p.viii).  While Messaris divides visual types into 3 categories, for the purposes of this 

study, these concepts will be operationalized as two categories, indexical and non-

indexical, to account for the lack of mutual exclusivity between indexical and iconic.     

Although indexicality and iconicity have distinct definitions, they are not 

necessarily mutual exclusive categories.  Messaris (1997) emphasizes the use of 

indexicality for proving something exists, while emphasizing iconicity to evoke an 

emotional response to the visual.  But, indexical photographs also have iconic, emotional 

features, such as an image of a landscape indicating love for natural beauty, for example.   
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To reduce the complexity between indexical and iconic images, in this study 

indexicality is used interchangeably with a photograph.  While all photos can be 

manipulated, and thus not provide proof that something exists, this study will not address 

this aspect of indexicality.  All other graphics will be called non-indexical, which may 

include iconic graphics, but more simply includes a visual that is not a photograph.  For 

the purposes of this study, any visual that in part or in its entirety features an imitation of 

an object is categorized as non-indexical.  Non-indexicality is similar to iconic, but it 

provides distinct contrast, and exclusivity to indexicality. 

Communicating with visuals, indexical or not, poses an intricate challenge, which 

Messaris (1997) calls syntactic indeterminacy, a lack of visual syntax.  Although both 

indexical and non-indexical visuals have the ability to convey many meanings, visuals do 

not have an explicit ability to explain causality or analogies the way verbal language 

does.  Visuals have the power to suggest causal relationships, but the viewer’s 

perspective, i.e., experience, context, demographics, etc., will also influence the visual 

meaning.   

Although indexicality and non-indexicality represent different visual types, it is 

challenging to isolate each of them in mainstream broadcasts.  Newscasts are no longer 

an indexical video of a broadcaster reading the news, but rather, they are a multimedia, 

interactive presentation of indexical and non-indexical images.  With news scrolls on the 

bottom of the channel, or special touch-screen equipment, news today includes all visual 

types, and often simultaneously.  But, when conveying risk information, non-indexical 

visuals often play an important role, as indexical images are not available for risks yet to 

occur.   
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Since risk communication includes conveying information about potentially 

harmful future events (Sellnow, Ulmer, Seeger & Littlefield, 2008), there are often no 

photographs or videos of the actual event, but rather created depictions to convey the 

possible risk.  For example, when meteorologists use color-coded radar to depict a storm, 

the colors indicate precipitation intensity rather than a representation of colored 

raindrops.  On the other hand, while a photograph of rain flooding a parking lot proves 

that it is raining, such an image does not provide the same indicator of intensity.  

Due to the importance of non-indexical visuals in the realm of risk, this 

experimental study focuses on the effects of indexical and non-indexical images on risk 

perception.  The following section focuses on visual effects and its implications on 

perceived risk. 

Visual effects and risk perception 

Visuals have the ability to carry implicit messages that alter the verbal message, 

create emotion, motivate behaviors, and impact perceived risk.  As this section will show, 

however, there are conflicting findings on whether indexical or non-indexical visuals will 

have a larger impact on perceived risk. 

Numerous studies indicate that visuals can imply messages that are not explicitly 

stated in the verbal message (Abraham & Appiah, 2006; Feigenson & Sherwin, 2007; 

Gibson & Zillmann, 2000; Gilliam & Iyengar, 2000; Messaris & Abraham, 2001).  In 

particular, Gibson & Zillmann (2000) found that implicit messages from photographs 

caused individuals to over or under estimate their risk of lyme disease.  Even though the 

verbal message never targeted specific individuals at higher or lower risk, the photos 
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implied it.   These studies show the power of indexicality to reframe explicitly stated 

verbal messages. 

Studies also show that emotional characteristics of photographs can change the 

attention given to a message (Dahman, 2012; Knobloch, Hastall, Zillmann, & Callison, 

2003; Verlhiac, Chappé, & Meyer, 2011; Zillmann, Knobloch, & Yu, 2001). For 

example, Verlhiac, Chappé, and Meyer (2011) found that photos of the unhealthy effects 

of smoking on dental/mouth issues were more effective in increasing attention and 

subsequently increased the perceived threat of smoking.  Further, in an anti-smoking 

study comparing both indexical and non-indexical graphics, Biener, Ji, Gilpin and Albers 

(2004) found that emotionally negative indexical photos were more effective than non-

indexical, humorous depictions.  The study reports that participants felt the illness photo 

evoked strong negative emotions and was “thought provoking and believable” (p.272).  

Conversely, Brown and Smith (2007) found that distressing photos decreased risk 

perception whereas the non-distressing, non-indexical image increased risk perception.  

The distressing emotions caused by the photo may have prompted defensive processing 

(Mendolia, 1999) thus making the indexical condition less effective for increasing 

perceived risk. 

Although all (Biener et al., 2004; Dahman, 2012; Knobloch et al., 2003; Zillmann 

et al., 2001) but two studies (Brown & Smith, 2007; Verlhiac et al., 2011) did not 

specifically measure perceived risk, the literature has linked strong affective responses 

with risk perception (Loewenstein, Weber, Hsee, & Welch, 2001; Sandman, 1989), and 

thus may be an indication that indexical photos or videos may have a higher impact on 

perceived risk.  But not all indexical images appear to increase perceived risk.  Blanton 
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and Gerard (1997) studied how low and high sex appeal photographs impacted perceived 

risk of contracting sexually transmitted diseases (STDs).  They found that the higher the 

sex appeal of the image, the lower the male viewer’s perceived risk of contracting an 

STD.  Although both kinds of images were indexical, this study shows that not all 

photographs increase perceived risk. 

Whether an indexical image affects perceived risk might vary as a function of 

how the visual complements the verbal message (Drew & Grimes, 1987; Grimes, 1990, 

1991; Lang, 1995; Fox, 2004).  For example, Chang (2013) found that when a visual 

showed health consequences, the participants’ perceived severity of the disease increased.  

When the visual conveyed prevention measures, the participants’ self-efficacy increased.  

Boer, Huurne, and Taal (2006) also measured efficacy finding that a photo of skin cancer 

could semantically relate to a verbal message about knowledge of skin cancer, but not to 

the verbal messages of preventative measures. 

This summary shows that indexicality can be a major contributor in affecting 

perceived risk.  But the limited number of studies including non-indexical images makes 

it difficult to determine whether non-indexical visuals produce the same level of 

implicitness, emotion, and redundancy.  One such study indicates that non-indexical 

imagery can also impact perceived risk.  Lee, Cameron, Wünsche and Stevens (2011) 

used the Common Sense Model of Illness Representations (See Leventhal, Brissette, & 

Leventhal, 2003) to study the effects of a 3-D animated, personalized heart model on 

heart disease perceptions., They found that the imagery conditions had a larger impact on 

risk representations than its textual counterpart increasing understanding of heart disease, 

creating longer lasting effects in a post intervention, prompting greater worry, and 



	   40	  

therefore, exerting a greater influence on behavioral intentions.  Although only one study, 

this example shows that non-indexical visuals also have an emotional impact like its 

indexical counterpart. 

All of these studies suggest no conclusive evidence to hypothesize that 

indexicality or non-indexicality is more or less effective at increasing risk perception.  It 

may be that the role of indexical messages may be subject or context specific.  As such, 

this study focuses on the following research question: 

RQ 1: Does visual type have an effect on individual perceived risk from 

environmental TV broadcasts?  

The environmental broadcasts used in this study represent two types of 

environmental risks, man-made and natural.  Hydraulic fracturing represents a man-made 

technology to extract oil out of shale whereas tornado warnings represent a risk from 

nature.  Man-made risks that are less familiar to individuals and less known to experts 

tend to create more worry and dread leading to higher individual perceived risk (Fischoff, 

Slovic, Lichtenstein, Read, & Combs, 1978; Slovic, 1987).  The risks from hydraulic 

fracturing are not yet confirmed, as experts are still researching fracking’s impact on 

ground water and its potential cause of earthquakes (Ellsworth, 2013; Howarth, Ingraffea, 

& Engelder, 2011).  Tornadoes, on the other hand, are natural, and are thus, more familiar 

and more known to experts, which causes less worry and dread.  

Combining the man-made and natural dimensions of risk with visuals is 

challenging.  The premise of indexicality is that it proves something existed at a moment 

in time.  Thus, if an environmental broadcast covers a risk in which the threat is 

inconclusive or is not imminent, indexicality may not prove that the risk exists.  The 
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fracking risks are not conclusive.  Due to syntactical indeterminacy, an indexical image 

of a crack does not prove that there is a relationship between fracking and earthquakes.  

On the other hand, experts are certain that a risk (not necessarily confirmation) of a 

tornado exists.  Photographs in this context present specificity of warning messages, and 

thus increases the believability of the risk (Drabek, 1969; Mileti & O’Brien, 1992; Perry 

& Greene, 1982, Quarantelli, 1984; Sorensen, 1982).  This leads to the following research 

question:  

RQ 2: Do indexical images impact individual perceived risk differently in a man-

made/relational risk compared to a natural/imminent risk context?  

Further, due to the timing differences between the man-made fracking context and 

the imminent, tornado threat, visual types should indicate a form of certainty versus 

uncertainty.  Indexicality proves something exists providing the risk more certainty, 

whereas non-indexicality cannot provide that same proof, and thus may indicate more 

uncertainty.  Although these two visual types may lead to more certainty or uncertainty, 

how this possible implicit message acts within each context, man-made and natural, is 

unknown.  This leads to the third research question: 

RQ 3a: Does visual type have an impact on individual perceived uncertainty of 

the information?  

RQ 3b: Does the context, man-made or natural, have an impact on the 

association between visual type and perceived uncertainty of the information? 

Using RTR to study visual type effects 

This experiment used Perception Analyzers™ to capture real-time response 

(RTR) measurements of perceptions of risk to video stimuli.  The majority of visual 
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research takes place in an experimental setting in which pre and post survey data is 

collected before and after seeing a stimulus.  Though much can be learned with this 

approach, it is not necessarily representative of how people experience visual messages.  

Many visual types may appear in a campaign, commercial or TV broadcast.  Using real-

time response measurement techniques allows the researcher to capture perceptions as 

respondents watch stimuli. 

The idea of using RTR measurements to analyze audience responses to a video is 

not new.  In fact, research has traced the first RTR system dates back to the 1930s with 

the development of the Lazersfeld-Stanton Program Analyzer, which was used 

extensively to measure audience reactions to CBS TV shows (Millard, 1992).  Since then 

RTR measurement has been used in a variety of contexts including restaurant services 

(Dalakas, 2005, 2006), pre-natal health (Doyle et. al, 2006) and media coverage of 

immigration (Meyer & Ségur, 2009), but it has been most notably used to study political 

communication (see, for example, Feins, Goethals, & Kugler, 2007; Kaid, 2001; Kaid & 

Tedesco, 1999; Maier & Maier, 2009; Maier & Strömbäck, 2009; Tedesco, 2002).   

Studies that utilize RTR measurement also implement a variety of methodological 

analysis with a limited number of studies conducting a statistical analysis on the data.  

Most studies employ an inductive, graphical analysis of the RTR data to describe what 

could have caused a fluctuation in perception (See for example, Meyer & Ségur, 2009; 

Tedesco & Ivory, 2009).  Other studies have aggregated values around a specific variable 

allowing for statistical analysis (See for example, Delakas, 2005, 2006).   Although both 

approaches are valuable, in the realm of visual risk communication the latter approach 
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allows the researcher to aggregate based on specific variables, such as visual type as 

employed by this study. 

Specific to visuals, RTR research has found limited effects.  Research looking at 

television political debates found that participants were more focused on verbal channels 

than visual channels during the debate (Maurer & Reinemann, 2003; Reinemann & 

Maurer, 2007).  Further, when specifically looking at visual versus verbal processing, 

Reinemann and Maurer (2009) found that RTR did not affect recall of verbal information, 

but it negatively affected visual recall.  The study focused on such visual cues as the title 

of the debate or the necklace that the candidate was wearing.  Given that the main content 

of a debate is verbal information, it follows that processing would favor the verbal 

information, as seeing the candidate and hearing their message is redundant.   

In the current study, visuals are a main component of the risk message analogous 

to the candidates debating the issues.  In a risk context, visuals may be used to enhance a 

verbal message, or alternatively, the visual may be the message.  During the political 

debates, the visual cues played a more peripheral role, whereas visuals play a dominant 

role in risk messages.  Given this contrast between visuals of risk versus political debates, 

the findings from the RTR studies focused on visuals simply does not pertain to this 

context.  Thus, the question remains to be seen if real-time response measurement 

techniques offer a distinctive way to research visual risk effects 

Methods 

A 2 (indexical versus non-indexical) x 2 (man made versus natural risk), multi-

message within subject repeated measures design was used to test the research questions 

on perceived risk and perceived uncertainty.   
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Participants 

Sample participants included 43 undergraduates from a large upstate New York 

university.  With permission from faculty, extra credit was offered to students in return 

for their participation.  The sample included 25 females and 18 males.  The data was 

collected over a two-day period during the 2013 fall semester.  As this data was part of a 

larger study, perceived risk and perceived uncertainty were two of three dependent 

variables randomly assigned.  Thus, the overall number of participants for perceived risk 

was 14 participants with 5 males and 9 females, and for perceived uncertainty was 13 

participants with 4 males and 9 females.  But, the overall number of repeated measures 

observations for perceived risk is N = 7, 528, and for perceived uncertainty is N = 7, 080, 

which is explained in the analysis section.  

Experimental Stimuli and Visual Type 

There were 4 videos shown to all of the participants.  All four of the videos 

included in this study are television news clips covering environmental risk topics.  These 

particular videos were chosen based on two criteria, their visual inclusion of both 

indexical and non-indexical images, and their contexts relating in some way to the North 

East.   

Video context. Two of the videos focus on hydraulic fracturing, a commonly 

covered energy issue in upstate NY.  One of the videos covers the concern about fracking 

causing earthquakes, whereas the second video covers the concern of fracking 

contaminating drinking water.  Two additional videos are of recent tornado coverage in 

Elmira, NY in 2012, and Springfield, MA in 2011.  Both tornado videos are from the 

previous live coverage of these weather events for their respective areas. 
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Visual type. To create the visual type variable, 4 coders watched the stimuli 

videos and marked the time frames that were classified as indexical or non-indexical.  

Indexical frames were identified as live or pre-recorded video footage showing an object 

in its environment.  That is, if a person went to that location, they would have the ability 

to see it with their own eyes or through photographic technology (i.e. digital camera, 

satellite, video camera, etc.).  Non-indexical frames were identified as altered 

photographs and images that mimic something that exists in reality, such as maps, 

simulations, weather radar, etc.  The coders were asked to specify the time frames based 

on the predominant visual in the frame.  For example, if a broadcaster was the main 

visual feature it was coded as indexical.  If the broadcaster was standing in front of a 

map, then it was coded as non-indexical due to the map. If the coders agreed that an 

image was unclear, then it was coded as non-indexical.  All 4 coders identified the same 

time frames for each visual type (see Figure I for image examples).  These agreed upon 

periods of time were then adjusted into segment time (every 2 seconds is a segment) to 

create a new variable called “VisType” in SPSS, which is the independent variable of the 

study. 

Depending upon the participant session end time and syncing of devices, total 

segments per participant varied with an average of 544.38 segments per risk participant 

and 544.62 segments per uncertainty participant (See table 1 and table 2 for segments per 

participant).  For perceived risk, 5,631 indexical time segments and 1,897 non-indexical 

time segments were collected in total.  For perceived uncertainty, 5,237 indexical time 

segments and 1,843 non-indexical time segments were collected in total.   
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Dependent variables. Students were randomly assigned to one of three 

dependent variables, of which this study covers two, perceived risk and perceived 

uncertainty.  The participants in the perceived risk group were given a sheet describing 

risk, and were told to answer their respective question with inserting “risk” into the blank 

such as, “Please turn the dial to the right when you feel the risk from fracking is high. 

Please turn the dial to the left when you feel the risk from fracking is low.”  There were a 

total of five videos shown, one practice video and four stimuli videos.  All participants 

watched all 5 videos.  The practice video allowed the students to become comfortable 

using the dials.   

Procedure 

Students were told to arrive to the focus group room a few minutes before each 

session started.  The dials must be synced with the software at the beginning of each 

session, so latecomers were not allowed to participate.  When all registered students had 

arrived, they were all given a dial and their dependent variable instruction sheet.  The 

RTR equipment includes software that is similar to Qualtrics or Surveymonkey in that the 

software allows for the inclusion of individual survey questions.  The main difference is 

that the questions are asked on a TV screen, and the participants answer with the hand 

held dial.  The questions included the informed consent process, as well as gender.  For 

RTR questions, a short scenario was provided to place the respective videos in context to 

their assigned dependent variable: 

Example 1: Imagine you live in an area where fracking is occurring.  As you watch this video, 
please turn your dial to the right when you feel the (risk) from fracking is high.  Alternatively, turn 
the dial to the left when the (risk) is low. 
 
Example 2: Imagine this next video is your local news, and that you live in Elmira, NY.  As you 
watch the video, please turn the dial to the right when you feel that the (risk) of a tornado is high.  
Alternatively, turn it to the left when the (risk) is low. 
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Once the participants read through their instructions, an introduction to the dials was 

provided. 

For the video moment-to-moment analysis, students were told to start their dial at 

50, which was the neutral point.  Once the dial was at 50, the students were told not to 

look at the dial number, but rather focus on watching the video and turn the dial 

comfortably to the left or right following their variable directions.  The software and the 

video were synced to record and play simultaneously with the software reading and 

grabbing the dial data every 2 seconds during the video.  Each set of 2 seconds is 

considered a segment.  Each individual session varied as to exactly when the 

videos/software were stopped.  Thus, the total number of segments per participant is 

varied depending upon which data collection session the participant attended (see Table 

1).  The order of the videos was systematically changed to control for order effects. 

Analysis 

The dataset was restructured in SPSS, as each dial segment per participant was 

placed in individual columns, rather than stacked vertically.  Once the data was 

restructured, the visual type variable was added giving each segment their visual type 

code.  We used multilevel linear models to test our research questions because the 

observations were not independent from each other due to correlations of repeated 

measures within the same subject (see Appendix B). The model was run with visual type, 

gender, and visual context as fixed variables.  Subject factor was treated as a random 

effect. An interaction effect was also run between visual type and video context (man 

made versus natural). It was run using SPSS.  
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Results 

To answer RQ1, “Does indexicality or non-indexicality prompt higher individual 

perceived risk from environmental TV broadcasts,” a mixed model was run. The model 

found a significant effect between visual type and the participant’s perceived risk, F(1, 

7511) = 240.89, p < .001.  Indexical images prompted higher perceived risk (M = 69.30, 

SD = 3.81) compared to non-indexical images (M = 61.70, SD = 3.83), t(7511) = 31.43, p 

< .001.  

To answer whether visual type impacted individual perceived risk differently in a 

man-made/relational context compared to a natural/imminent risk context (RQ2), an 

interaction effect between the risk context and visual type was run.  The effect of context 

was significant, F(1, 7511) = 235.15, p < .001, suggesting that indexicality and non-

indexicality functioned differently in the contextual areas (see Figure II).  Perceived risk 

was higher for indexicality in the natural risk context (M = 74.80, SD = 3.82) than the 

man-made (M = 63.80, SD = 3.82), t(5616) = -25.59, p < .001. Perceived risk was slightly 

higher for non-indexicality in the man-made risk (M = 63.71, SD = 3.86) compared to 

natural (M = 59.70, SD = 3.83), t(1884) = 5.20, p < .001.   

To further explore visual type contextual differences, a mixed model was run to 

compare visual type effects on perceived risk within each respective context.  For the 

natural risk context, the model found a significant effect between visual type and the 

participant’s perceived risk, F(1, 5179.34) = 963.76, p < .001.  Indexical images 

prompted higher perceived risk (M = 74.90, SD = 4.45) compared to non-indexical 

images (M = 59.86, SD = 4.46), t(5179) = 31.04, p < .001.   For the man-made risk 
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context, the model found no significant difference between visual type and the 

participant’s perceived risk, F(1, 2318) = .02, p = 0.88 

To answer RQ3a, does visual type have an impact on individual perceived 

uncertainty of the information, a mixed model was run. The model found a significant 

difference between visual types on perceived uncertainty of the information, F(1, 7064) = 

51.06, p < .001.  Indexical images prompted lower perceived uncertainty (M = 37.62, SD 

= 5.30) compared to non-indexical images (M = 42.27, SD = 5.30), t(7064) = -16.03, p < 

.001.  

To answer whether visual type impacted individual perceived uncertainty 

differently in a man-made/relational context compared to a natural/imminent risk context 

(RQ3b), an interaction effect between the risk context and visual type was also run.  A 

significant interaction was found, F(1, 7064) = 69.06, p < .001, suggesting that 

indexicality and non-indexicality functioned differently in the contextual areas (see 

Figure 3).  Perceived uncertainty was significantly lower for indexicality in the 

natural/imminent risk context (M = 33.07, SD = 5.30) than the man-made/relational (M = 

42.18, SD = 5.31), t(5223) = 15.38, p < .001. Perceived uncertainty was slightly higher 

but not significant (t(1829) = -1.62, p < .11) for non-indexicality in the natural/imminent 

risk (M = 43.12, SD = 5.31) compared to man-made/relational (M = 41.42, SD = 5.39). 

To further explore visual type contextual differences, a mixed model was run to 

compare visual type effects on perceived uncertainty within each respective context.  For 

the natural risk context, the model found a significant effect between visual type and the 

participant’s perceived uncertainty, F(1, 4899) = 308.43, p < .001.  Non-indexical images 

prompted higher perceived uncertainty (M = 43.48, SD = 6.60) compared to indexical 
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images (M = 33.38, SD = 6.59), t(4899) = -17.56, p < .001.    For the man-made risk 

context, the model found no significant difference between visual type and the 

participant’s perceived uncertainty, F(1, 2152) = .06, p = .80. 

Discussion 

 This study used real-time response measurement to study the effects of visual type 

on perceived risk and perceived uncertainty from environmental broadcasts.  The results 

indicate that perceived risk varies by visual type with indexical images of hydraulic 

fracturing and tornadoes prompting higher perceived risk than the non-indexical images.  

Perceived uncertainty also varies by visual type with indexical images prompting more 

certainty while non-indexicality prompted more uncertainty.  Like the results of Biener et 

al. (2004), the participants in this study felt that indexical images made the risk more 

believable and certain.  The dramatic video capturing the tornado moving along the 

Connecticut River in Springfield, MA, confirmed the risk of a tornado compared to its 

non-indexical counterpart, the radar.  Radar technology, though very informative for 

expert meteorologists, only indicates a chance of a tornado forming, not a physical trace 

that the object exists on the ground.  Thus, the indexical video presentation provided a 

physical trace that the risk of a tornado exists at that moment in time.  

Similarly, participants also felt that the risk of hydraulic fracturing was higher 

when viewing indexical videos.  When participants viewed indexical images of the 

possible impact from hydraulic fracturing, for example, a cracked foundation on a 

building or contaminated water, their perceived risk increased even though the photo 

cannot show causality.  Although the non-indexical visuals were informative, for 

example, showing a cross section view of the earth, the impact from the indexical visuals 
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may have been more disconcerting and alarming.  The increased perceived risk could 

have been an emotional reaction, i.e., sympathy for a homeowner or empathized anger for 

the family who set their water on fire.  Although this study did not measure emotion 

specifically, this possible emotional reaction from indexicality is consistent with a 

number of other studies (Biener et al., 2004; Dahman, 2012; Knobloch et al., 2003; 

Verlhiac et al., 2011; Zillmann et al., 2001).  

The idea of indexical visuals as more believable and certain is also supported by 

hazards researchers who suggest that warning messages must be as specific as possible, 

as it is more believable (Drabek, 1969; Mileti & O’Brien, 1992; Perry & Greene, 1982, 

Quarantelli, 1984; Sorensen, 1982).  All of the study videos were warning of a risk from 

tornadoes or fracking.  The findings indicate that the specificity of seeing the impacts 

through indexical images compared to non-indexical were more powerful resulting in 

higher perceived risk and higher certainty.  Although indexical images produced 

significantly higher perceived risk compared to non-indexical images, this study does not 

indicate whether or not this difference makes an impact on behavior.  In other words, are 

indexical images of tornadoes compared to non-indexical radars likely to prompt more 

sheltering in place behaviors? Or, do indexical images of hydraulic fracturing impacts 

prompt one to support anti-fracking policies?  Future research should focus on the 

differences between indexical and non-indexical visuals not just on perceived risk, but 

also place these differences in a framework for measuring attitudes and behavioral 

intentions such as the risk information seeking and processing model (Griffin, Dunwoody 

& Neuwirth, 1999) or theory of reasoned action (Fishbein & Ajzen, 2010). 
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The interaction effects indicate a statistical difference between visual type and the 

natural/imminent risk versus man/made relational risk.  Theoretically, indexicality does 

not function as proof of the risk in both contexts.  In the natural/imminent context, the 

indexical tornado videos provided physical proof that a tornado exists.  In the man-

made/relational risk context, the indexical fracking videos only prove that a crack exists 

in the foundation or that the water appears to have contamination.  Due to syntactic 

indeterminacy, however, the visual cannot explicitly state that fracking caused 

earthquakes, which caused the crack in the foundation, for example.  Despite this logic, 

the participants perceived higher risk from indexical images possibly inferring that the 

indexical visual provided such proof in a relational risk context.  Like many other studies 

(Abraham & Appiah, 2006; Gibson & Zillman, 2000; Gilliam & Iyengar, 2000; Messaris 

& Abraham, 2001), this study reaffirms that indexical visuals in an imminent or relational 

risk context have an ability to convey implicit messages.  But, the interaction effects 

suggest that the perceptual difference between indexicality and non-indexicality is larger 

in a natural, imminent risk message.  The difference in time scale between an imminent 

threat versus an uncertain, relational risk may explain the larger differences in perceived 

risk and uncertainty.   

One major limitation of this study, however, is that the verbal messages were not 

controlled.  It is plausible that the verbal messages amplified or dampened a relationship 

between visual type with perceived risk and uncertainty.  Future research should isolate 

the verbal effects and focus on how visual implicitness may hinder or aid risk 

communication messages.   
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Although the results indicate that indexical visuals prompted higher perceived risk 

than non-indexical visuals, this study does not suggest that non-indexical visuals are 

ineffective at conveying risk.  As the literature conveys (Beiner et al., 2004; Brown & 

Smith, 2007; Lee et al., 2011), the effects of non-indexical visuals are inconclusive.  This 

study indicates that non-indexical visuals may not be as believable as indexical visuals.  

The results reiterate that non-indexical visuals imitate an object, but do not prove that the 

object does indeed exist.  Further research should explore whether this lower perceived 

risk of non-indexical visuals has any effect on behavior.  Additionally, further studies 

should aim to understand when and why non-indexicality does or does not prompt higher 

perceived risk compared to indexicality.   

Further, the results indicate that non-indexical images prompted higher levels of 

uncertainty, whereas indexical images prompted more certainty, or low uncertainty.  

Theoretically, non-indexical images are not proof that something exists, which may 

automatically imply some level of uncertainty without verbally stating it.  Visuals convey 

many implicit messages (Abraham & Appiah, 2006; Feigenson & Sherwin, 2007; Gibson 

& Zillmann, 2000; Gilliam & Iyengar, 2000; Messaris & Abraham, 2001), but perhaps 

uncertainty is one of those messages for non-indexical risk images.  All four videos had 

examples of both visual types.  It is possible that when non-indexical images are mixed 

with indexical, the juxtaposition of the two make non-indexical images look more 

uncertain.  Within a weather context, a forecast may consist of non-indexical images 

only, if there are no photographs or live coverage available.  Future research should focus 

on this implied uncertainty message and see if the use of non-indexical messages dampen 

behavioral responses. 
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For the purpose of this study, a distinction was drawn between indexicality and 

non-indexical visuals.  Though this was a useful distinction for the present study, it over 

simplified the range of visual types.  A more nuanced approach, such as Pauwel’s 

referent distinction, while complicating a study, may ultimately prove more useful in 

understanding the roles of visual types in conveying risk.  For example, a radar image in 

a tornado context may not prove that a tornado is on the ground, but it does provide proof 

that it is raining.  This same non-indexical visual provides different referential meaning 

depending on the context.  Further studies could use this referent variation to understand 

its effects on perceived risk.   

Conclusion 

The findings of this paper indicate that visual type is playing a role in risk and 

uncertainty perceptions, and that real-time response measurement offers a unique process 

to study visual effects.  The findings show that indexical images prompt higher perceived 

risk and higher certainty, whereas non-indexical images prompt lower perceived risk and 

higher uncertainty.  These findings are more distinct in an imminent, natural hazard 

context compared to a relational, man-made context. 

Although the results indicate a significant difference between indexicality and 

non-indexicality, care should be given not to over generalize the findings, especially due 

to the small number of participants.  This study had two main goals.  First, this study 

aimed to understand how different visual types impact perceived risk of environmental 

broadcasts, and secondly, to see if real-time response measurement techniques offer a 

distinctive way to research visual risk effects. Most importantly, the results indicate a 
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case for more visual research to uncover the theoretical underpinning of why and when 

visual types effect risk and uncertainty perceptions. 

With any study, however, there are limitations.  As previously stated, this study 

did not control for audio effects, which may account for some of the variation in 

perceived risk estimates. It remains a concern as a threat to internal validity.  On the other 

hand, in a real media environment the audience will actively attend and process verbal 

and visual information simultaneously.  The redundancy literature (Drew & Grimes, 

1987; Grimes, 1990, 1991; Lang, 1995; Fox, 2004) states that when the verbal and visual 

information are highly redundant, then the visual will reinforce the audio message.  Even 

if this study was measuring the effects of the audio, there was still variation between the 

time frames of visual type.  Another way of capturing the results of this study is that 

perhaps indexical photos lead to higher verbal-visual redundancy than non-indexical 

visuals.  Maintaining redundancy while controlling audio may also become a challenge 

for future studies. 

Further, in the case of the tornado videos, not only is the audience responding to 

the live video, so too are the meteorologists.  In comparison to the hydraulic fracturing 

videos where the video was designed and edited with voiceover, the tornado videos were 

showing live data and video in which the broadcaster must respond verbally to visual 

stimuli.  This study cannot quite capture how the visuals influenced the broadcasters’ 

verbal choices, but it does argue for studying visual effects in their natural environment 

during live media.  Thus, not controlling for the audio may have increased external 

validity at the risk of lowering internal.   
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Although real-time response measurement offered a unique way to isolate visual 

effects, it was not without its challenges.  For example, there is no way of confirming 

whether participants were turning the dial based on the broadcast, simply turning in jest 

or too focused on the content and therefore not turning the dial at all.  Traditionally, the 

data shows signs of flatlining when these conditions are occurring (Dialsmith, 2013, p. 

18).  With this data set, only one video indicated a section of flatlining, the Springfield, 

MA tornado video.  The perceived risk values all increased, and remained high, during 

the video showing the formation of the tornado.  Given that the tornado was present for 

many seconds, it follows that perceived risk would also remain high.  Thus, flatlining in 

this case may indicate no actual change in perceived risk, not non-response. 

Another response concern is the potential lag time between seeing the stimulus 

and turning the dial.  Cognitive resources are necessary to process the primary task, i.e., 

watching the stimuli video, and to simultaneously process a secondary task, which in this 

case is turning the dial.  Because cognitive resources are in use for the primary task, there 

are fewer resources available for the secondary task, which may result in a lag in reaction 

time (Basil, 1994; Lang & Basil, 1998).  Experiments focusing on secondary task 

reaction times use concrete activities such as pressing a button when a camera view 

changes (Lang, Bradley, Park, Shin, & Chung, 2006) or when a tone is heard while 

viewing images (Buodo, Sarlo, & Palomba, 2002).  The current study differs in that the 

secondary task is to turn the dial based on the individual’s perceived risk.  Given that 

reaction time and risk perceptions will differ for each individual, there is no simple way 

to account for this lag in the methodology.  Thus, it is a limitation of the current study, 

but also becomes an area for future research.  Future RTR studies may want to focus 
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understanding how long the reaction time is from the start of seeing the stimulus to the 

dial response. 

 Despite these limitations, real-time response measurement provided a unique look 

at the visual effects of indexicality and non-indexicality on perceived risk and 

uncertainty.  The field of visual communication must continue to invent new ways to 

isolate visual effects and enrich our understanding of visual theory, especially in the 

realm of risk communication.  As this study indicates, researching visuals is challenging 

and not without its limitations, but the potential theoretical findings and practical impacts 

on risk communication makes this type of work essential for improving the practice of 

risk communication.  
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CHAPTER 4 

 

Photographs versus non-photographs: Perceiving differences in risk and 

uncertainty during severe weather coverage 

 
 
 

Introduction 
 

“Not everybody trusts paintings but people believe photographs.” 
~Ansel Adams, American Photographer and Environmentalist 

  
 Ansel Adams, a famous American photographer and dedicated environmentalist, 

captured the power of photographs, “Not everybody trusts paintings but people believe 

photographs” (Zeegen, 2010, p.102).  Indeed, photographs are a powerful visual tool that 

provides evidence that an object existed in one brief moment in time (Messaris, 1994; 

Sontag, 1977).  This visual evidence is particularly useful in a risk communication 

context providing visual proof that a risk, such as a tornado, exists, and that action is 

imminent.  With photo capturing technologies, such as digital cameras, camera phones, 

and more recently, Google glass, photographs of an event are often available and 

accessible via social media tools.  Due to their believable characteristics, during risk 

events photographs are prominently displayed during live television broadcasts.  These 

visuals provide useful, certain information during an unfolding crisis that a non-

photograph may not be able to provide.   

The concern is that even with all available technology photographs are not always 

possible to attain nor does certainty exist during all events.  The risk itself may be 

invisible, such as a high ozone day causing air quality concerns, or the risk may be 
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present, but not visible at that moment, for example, a rain wrapped tornado. 

Alternatively, given the future time frame of risk communication (Sellnow et. al, 2008), 

the risk event may exist in an abstract sense, but does not yet physically exist in that 

moment in time.  Further, although the potential for a risk may be present, there are 

uncertainties related to whether it will happen, and if it will, when, where, and how 

extreme the event will be.   

Abstract concepts, such as risk and uncertainty, are challenging to visualize.  

When photographs are not available, scientists must mimic these abstract concepts 

through a series of interpretations or symbols.  For example, hurricane forecasters 

represent the uncertainty of a hurricane track by drawing a large white cone, a cone that 

does not otherwise physically exist in reality (Broad, Leiserowitz, Weinkle, & Steketee, 

2007). When visual confirmation of a tornado is not available, meteorologists must use 

radar to predict where and when one could form.  Alternatively, meteorologists may use 

probabilities to convey the uncertainty of a risk, despite known numeracy interpretation 

challenges (Lipkus, Samsa, & Rimer, 2001; Schwartz, Woloshin, Black, & Welch, 1997).  

These non-photographic, uncertainty visuals often require an interpreter to provide 

meaning to these otherwise abstract interpretations. 

With photographic technology increasingly available, however, we may be 

creating an evolving overreliance on photos that will slowly and unknowingly create its 

own crisis.  As Ansel Adams suggests, are we creating a society that believes 

photographs, but discounts the value of paintings or other non-photographic visuals?  

Using real-time response measurement, this paper examines individuals perceived 

uncertainty of information presented during recorded tornado news coverage.  
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Specifically, this study explores whether individuals perceive more or less uncertainty 

based on the visual information presented in the videos.  Implications for visual risk 

communication will be discussed.  

Literature Review 

The focus of this study is on types of visuals, photographs and non-photographs.  

Photographs represent the closest visual depiction of reality (Messaris, 1994; Sontag, 

1977).  Messaris calls this indexicality, as indexical signs are “caused by its object and 

serves as a physical trace pointing to its existence” (1997, p.viii).  Thus, when a 

broadcaster shows an image of a tornado during live coverage, the photographic image 

proves that a tornado exists at that moment in time.  Photographs in this context present 

specificity and certainty of the warning message, and thus increases the believability of 

the risk (Drabek, 1969; Mileti & O’Brien, 1992; Perry & Greene, 1982, Quarantelli, 

1984; Sorensen, 1982, 2000). 

Non-photographs are characterized by their iconic and symbolic features.  

Messaris (1994) defines iconicity as, “Some form of similarity or analogy between the 

sign and its object” (p.viii).  Weather radar is an example of an iconic image.  Radar 

represents precipitation amounts and storm size that exist in reality, but it is mimicking 

rain by its rainbow colored interpretation.  It is not literally raining rainbow colored 

raindrops.  Symbols, on the other hand, are visual features that have no “similarity nor 

physical causation but, instead, [are] an arbitrary convention on the part of the symbol’s 

users” (p.viii).  Radar may have symbols overlaid, such as a circular rotating symbol to 

indicate the location of rotation or a possible tornado during a storm. Because there are 
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many types of iconic and symbolic visualizations, this visual type will be classified as 

“non-photographs” for the purposes of this study. 

Much of today’s science, meteorology included, utilizes non-photographic 

visualizations, as the complexity and abstractness of risk often requires an individual to 

understand their risk in relation to its corresponding uncertainties.  Of concern is that the 

numeracy research indicates a widespread challenge of interpreting uncertainties in the 

form of probabilities.  For example, many women have under or overestimated their risk 

of breast cancer (Davids, Schapira, McAuliffe, & Nattinger, 2004; Fagerlin, Zikmund-

Fisher, & Ubel, 2005) and subsequent treatment options (Schwartz, Woloshin, Black and 

Welch, 1997) due to misinterpreting numeric risk information.  Even highly educated 

participants have difficulty interpreting and understanding simple numeracy questions 

(Lipkus, Samsa, & Rimer, 2001) showing that numeracy challenges do not favor one 

education level.  Studies have also shown that there is not a one size fits all representation 

of numeracy for either high or low numerate individuals (Keller & Siegrist, 2009), 

though researchers are developing best practices based on current research (Peters, 

Hibbard, Slovic & Dieckmann, 2007).  

Given these numeracy challenges of interpreting uncertainty, science and risk are 

often presented in a visual form to aid the viewer in the learning process (Shah & 

Miyake, 2005; Wogalter, 2005).  Many such visuals have been studied including risk 

ladders, pie charts and stick figures (for a review of this literature, see Ancker, 

Senathirajah, Kukafka, & Star-ren, 2006; Bostrom, Anselin, & Farris, 2008; Lipkus & 

Hollands, 1999; Spiegelhalter, Pearson, & Short, 2011).  There is no better exemplar of 

the use of uncertainty and risk than the field of meteorology.  Meteorologists, in 
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particular, present much of their information in a visual form, such as radar or satellite 

images, or their daily weather forecast graphics.  Further, there is an enterprise-wide push 

toward communicating uncertainty of weather and hazards, which is evident by the 

National Academy of Science report on this matter (Ban, Andrew, Brown, & Changnon, 

2006).  The report covers the need to characterize uncertainty for different audiences, 

understanding how to estimate uncertainty and what the limitations of doing so are, and 

lastly, determining how best to communicate uncertainty (p. 5).  The reason for 

emphasizing uncertainty according to the report is that: 

The chaotic character of the atmosphere, coupled with inevitable inadequacies in observation 
quality and data assimilation, model physics and numerics, boundary conditions, and model 
resolution, result in forecasts that always contain uncertainties that generally increase with forecast 
lead time and vary by the type of weather situation and location…Uncertainty is thus a 
fundamental characteristic of hydrometeorological prediction, and no forecast is complete without 
a description of its uncertainty (p. 6). 
 

Forecasters are thus moving from deterministic forecasts to including uncertainty, often 

in the form of probabilities. 

Despite the emphasis on uncertainty, researchers have yet to find an optimum way 

to visualize it.  Misinterpretations are common with graphics such as hurricane track 

maps (Broad, Leiserowitz, Weinkle, & Steketee, 2007), point and click weather forecasts 

(Demuth, Morss, Lazo, and Hilderbrand, 2013), wind probabilities (Nadav-Greenberg, 

Joslyn & Taing, 2008), or even just a chance of rain (Gigerenzer et al., 2005).  Although 

researchers have not found a one size fits all approach to visualizing weather uncertainty, 

there is some evidence that individuals have their own personal understandings and 

thresholds for uncertainty information (Morss, Lazo & Demuth, 2010; Morss, Demuth & 

Lazo, 2008).  Despite forecasters providing a deterministic forecast such as, “The 

temperature will be 30 degrees,” people automatically inferred an uncertainty range 
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around the number (Morss, Demuth & Lazo, 2008).  Thus, uncertainty may be inferred in 

what is considered a certain message. 

One common thread among all of the studies focused on uncertainty is that the 

visual under review is non-photographic.  The emphasis on non-photographs implies that 

photographs cannot convey uncertainty of risks, and perhaps furthers the argument that 

the specificity and realness of photographs leads to certainty.  On the other hand, there 

are not many studies using non-photographs to convey certainty of risks.  Is one to 

assume that non-photographs cannot convey certainty?  Although studying static 

uncertainty visuals has contributed much to the literature, in reality society is exposed to 

media that utilizes all visual types, photographs, non-photographs, static and animated 

combined with verbal messages.  One of the challenges of communicating with visuals is 

that visuals can imply messages that are not explicitly expressed in the verbal message 

(Abraham & Appiah, 2006; Feigenson & Sherwin, 2007; Gibson & Zillmann, 2000; 

Gilliam & Iyengar, 2000; Messaris & Abraham, 2001).  For example, forecasters use 

hurricane track maps to convey uncertainty, but some individuals believe the map 

conveys a level of certainty regarding the track (Broad et al., 2007). 

The question that emerges is do individuals perceive more or less uncertainty 

when looking at photographs versus non-photographs.  Further, since the uncertainty is 

relative to a risk, do individuals perceive a difference in the risk conveyed when viewing 

photographs or non-photographs?     

Although visuals can imply messages that are not explicitly expressed in the 

verbal message, the relationship between the visual and its verbal message may also 

influence an individual’s perception of risk and uncertainty.  Redundancy, the semantic 
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overlap between a visual and its verbal message (written or audio), influences whether a 

person will understand the overall message (Drew & Grimes, 1987; Grimes, 1990).  This 

means that keeping the visual constant while changing the verbal message may influence 

the overall perception of the combined visual verbal message.  For example, Goodall and 

Appiah (2008) studied smoking cessation visuals.  Keeping the visual constant, they 

changed the verbal message based on gain and loss frames (Tversky & Kahneman, 1981) 

and found that the loss frame was more effective than the gain frame.  Semantic overlap, 

or redundancy, is critical to message comprehension, as individuals combine visual and 

verbal content when both the auditory and visual channels are semantically 

complementary (Grimes, 1990).  Increased message comprehension is a result of 

individuals prioritizing their processing on the verbal channel of the message.  When the 

auditory and visual channels are not semantically related, individual processing focuses 

on the visual channel (Drew & Grimes, 1987).  Thus, how the verbal messages interact 

with the visual messages in a video can influence individual’s perceptions. 

Lastly, not only can visual-verbal messages influence audiences, but broadcast 

meteorologists are also responding live to communicate messages over these visuals.  

Thus, it will be also be interesting to see if visuals influence broadcaster’s language as 

well. 

In summary, the following are the research questions for this study:  

RQ1: Do individuals perceive a difference in uncertainty when looking at 
photographs versus non-photographs?   
 
RQ2: Since the uncertainty is relative to a risk, do individuals perceive a 
difference in the risk conveyed when viewing photographs or non-photographs? 
 
RQ3: Does the broadcaster’s language interact with visual type to influence 
individuals’ perceived risk and perceived uncertainty?   
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RQ4: Do broadcasters differentiate how they verbally communicate while 
presenting photographs compared to non-photographs? 
 

Methods 

Sample 

A repeated measures study was conducted to test the effects of visual type on 

perceived risk and perceived uncertainty.  Sample participants included 41 

undergraduates from a large upstate New York university.  With permission from faculty, 

extra credit was offered to students in return for their participation.  The total sample 

included 26 females and 15 males.  The data was collected over a two-day period during 

the 2012 fall semester.   

As this data was part of a larger pre-test, perceived uncertainty and perceived risk 

are two of three dependent variables randomly assigned.  Because each participant is 

limited to one dependent variable per dial, perceived risk and perceived uncertainty have 

different repeated measure Ns.  For perceived risk, the overall number of participants 

who provided responses was 14.  The repeated measure sample for risk is N = 4,928.  For 

perceived uncertainty, the overall number of participants who provided responses was 13.  

The repeated measure sample for uncertainty is N = 4,719.  The repeated measures 

description is provided in the analysis section. 

To test language effects, both a coding scheme and a linguistic analysis were 

conducted.  In this case, the 2 videos were transcribed and broken down into complete 

phrases that were either full complex sentences or command statements, such as, “Shelter 

now.”  There were 147 lines of text within the 2 videos.  These sentences were used as 

the sample for the coding, as well as the sample for the linguistic analysis. 
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Experimental stimuli 

All of the videos included in this study are television news clips of what were live 

broadcasts of tornado coverage.  These particular videos were chosen based on two 

criteria, their visual inclusion of both indexical and non-indexical images, and their 

contexts relating in some way to the North East.  The two videos in this study show 

recent tornado coverage in Elmira, NY in July of 2012, and Springfield, MA in June of 

2011.  Both tornado videos are from the previous live coverage of these weather events 

for their respective areas. 

The RTR equipment includes software that is similar to Qualtrics or 

Surveymonkey in that the software allows for the inclusion of individual survey 

questions.  The main difference is that the questions are asked on a TV screen, and the 

participants answer with a hand held dial.  Informed consent was asked as a survey 

response at the beginning of the session.  For RTR questions, a short scenario was 

provided to place the respective videos in context. For example,  

As you watch this video, please turn your dial to the right at the moment(s) you 
feel high uncertainty.  Please turn your dial to the left at the moment(s) you feel 
low uncertainty. 

 
Imagine this next video is your local news, and that you live in Elmira, NY.  As 
you watch the video, please turn the dial to the right when you feel that the risk of 
a tornado is high.  Alternatively, turn it to the left when the risk is low. 
 

Students were randomly assigned to one of three dependent variables, of which this study 

covers two. There were a total of five videos shown, one practice video and four stimuli 

videos.  The practice video allowed the students to become comfortable using the dials.  

There were 2 videos on hydraulic fracturing news coverage, and then 2 videos on the 

tornado coverage.  This paper only focuses on the analysis of the two tornado videos.   
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Procedure 

Students were told to arrive a few minutes before each session started.  The dials 

must be synced with the software at the beginning of each session, so latecomers were 

not allowed to participate.  When all registered students had arrived, they were all given a 

dial and their dependent variable instruction sheet followed by an introduction to the 

dials.  For the video moment-to-moment analysis, students were told to start their dial at 

50, which was the neutral point.  Once the dial was at 50, the students were told not to 

look at the dial number, but rather focus on watching the video and turn the dial 

comfortably to the left or right follow6ing their variable directions.  The order of the 

videos was systematically changed to control for order effects. 

Analysis 

To create the visual type variable, 4 coders watched the stimuli videos and 

marked the time frames that were classified as indexical versus non-indexical.  Indexical 

frames were identified as live or pre-recorded video footage showing an object in its 

environment.  That is, if a person went to that location, they would have the ability to see 

it with their own eyes or through photographic technology (i.e. digital camera, satellite, 

video camera, etc.).  Non-indexical frames were identified as altered photographs and 

images that mimic something that exists in reality, such as maps, simulations, weather 

radar, etc.  The coders were asked to specify the time frames based on the predominant 

visual in the frame.  For example, if a broadcaster was the main visual feature it was 

coded as indexical.  If the broadcaster was standing in front of a map, then it was coded 

as non-indexical due to the map. If the coders agreed that an image was unclear, then it 

was coded as non-indexical.  All 4 coders identified the same time frames for each visual 
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type (see Figure 1, c and d for examples).  These agreed upon periods of time were then 

adjusted into segment time (every 2 seconds equals 1 segment) to create a new variable 

called “VisType” in SPSS, which is one of the independent variables of the study.   

To create the textual code variable, the videos were transcribed.  Each sentence 

was coded based on whether it was conveying a threat, an impact, an efficacy message, or 

other (see Appendix A for coding definitions).  The author coded every unique sentence, 

and then had 2 independent coders not involved in the study code 20 percent of the 

sentences (32 sentences).  Using Krippendorf’s alpha (Hayes & Krippendorff, 2007), they 

achieved satisfactory agreement (Krippendorf’s alpha = .94). 

A 2 (indexical versus non-indexical) x 4 (threat, impact, efficacy, and other) 

within subject repeated measures design was used to test the research question.  The 

dataset was restructured in SPSS, as each dial segment per participant was placed in 

individual columns, rather than stacked vertically.  Once the data was restructured, the 

VisType and Text Code variable was added for each individual time segment.   

A mixed model using restricted maximum likelihood estimation (REML) was 

used for analysis because the observations are not independent from each other due to 

correlations of repeated measures from the same subject.  The model was run with visual 

type and text code as fixed variables.  Random effects included subject id.  It was run 

using SPSS.  

To conduct the linguistic analysis, the transcribed sentences were run through a 

Linguistic Inquiry Word Count (LIWC) software (Pennebaker, Booth, & Francis, 2007).  

The software compares the words in the sentences to its dictionary that contains 70 

linguistic categories.  In particular, categories such as present and future verb tense, 
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discrepancy words (should, would, could), and tentativeness (maybe, perhaps) were 

analyzed (Pennebaker, Chung, Ireland, Gonzales, & Booth, 2007).  As this was an 

exploratory component of this study, all 70 categories were run. 

Results 

Visual type, the independent variable of this study, was collected through time 

segments that were coded for indexicality and non-indexicality as stated previously.  For 

perceived risk, 3,483 indexical time segments and 1,445 non-indexical time segments 

were collected.  For perceived uncertainty, 3,302 indexical time segments and 1,417 non-

indexical time segments were collected.   

Research Question 1. To answer the question on whether or not people perceive 

differences in uncertainty of visual type, a mixed model was run using SPSS.  The model 

found a significant effect between visual type and the participant’s perceived uncertainty, 

F(1, 4699) = 137.10, p = 0.00.  Non-indexical images prompted higher perceived 

uncertainty (M = 46.15, SD = 6.14) compared to indexical images (M = 36.19, SD = 

6.10), t(4699) = -11.51, p = .00.  

Research question 2. To answer the hypothesis on whether or not people 

perceive differences in risk of visual type, a mixed model was also run.  The model found 

a significant effect between visual type and the participant’s perceived risk, F(1, 4907) = 

524.69, p = 0.00.  Indexical images prompted higher perceived risk (M = 75.46, SD = 

4.14) compared to non-indexical images (M = 59.19, SD = 4.17), t(4907) = 20.73, p = 

.000. 

These results can be visualized in the aggregate response map (see Figures 4 and 

5).  In Figure 4 during the first photographic section, the risk responses begin to increase 
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while perceived uncertainty decreases.  There is also an intense increase in perceived risk 

and decrease in perceived uncertainty during the final one-third of the video.  During this 

time period, the broadcaster showed live outside coverage of what was possibly a 

tornado.  In Figure 5, during the long photographic section the broadcasters captured the 

formation of a dramatic tornado touching down in downtown Springfield crossing over 

the Connecticut River.  The perceived risk responses increased and almost flat-lined 

during this time.  Perceived uncertainty, although quickly decreasing given the certainty 

of the risk present, still fluctuated during this time period.  When the broadcaster returns 

to a non-photographic radar image towards the end of the video, perceived risk decreases 

while perceived uncertainty increases. 

Research question 3. An interaction effect was also run with visual type and text 

code to see how the verbal messages of threat, impact, efficacy and other impacted 

perceived uncertainty and risk.  The model found a significant interaction effect between 

visual type and text code for perceived uncertainty, F(3, 4699) = 8.68, p = 0.00 (see 

Figure 6), and for perceived risk, F(3, 4907) = 10.46, p = 0.00 (see Figure 7).  Tables 3 

and 4 provide the means for each condition of visual type by textual code for perceived 

uncertainty and perceived risk respectively.  The pairwise comparisons between visual 

type (see Table 5) indicate that for perceived uncertainty threat, impact, efficacy and 

other were all significantly lower for indexical images compared to non-indexical.  That 

is, indexical images, regardless of their textual code, prompted lower uncertainty than 

non-indexical images.  For perceived risk, the pairwise comparisons between visual type 

(see Table 6) indicate that threat, impact, efficacy, and other were all significantly higher 

for indexical images than non-indexical images. 
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The pairwise comparisons of text code within visual type indicate that within 

indexical photos threat messages were statistically different than the other codes. Threat 

messages prompted more perceived uncertainty than impact, efficacy, or other messages.  

Impact messages produced significantly more perceived uncertainty than efficacy 

messages. Lastly, efficacy messages were statistically lower than threat, impact, and 

other, producing the lowest mean for perceived uncertainty.  For perceived risk, efficacy 

messages prompted significantly higher risk than threat, impact and other messages. 

Impact messages prompted significantly higher risk than threat messages 

The pairwise comparisons of text code within non-indexical images show limited 

differences.  Threat messages prompted significantly lower perceived uncertainty than 

“other” messages, but were not significantly different from impact or efficacy messages.  

Similarly, for perceived risk threat messages prompted significantly higher perceived risk 

than “other” messages, but were not significantly different from impact or efficacy 

messages.  For all the pairwise comparisons for perceived uncertainty and perceived risk, 

please see Table 7 and 8, respectively. 

Research question 4. The LIWC analysis was run and found no significant 

differences between the language used to describe photographs versus the language used 

to describe non-photographs.  In particular, present and future verb tense, discrepancy 

words (should, would, could), and tentativeness (maybe, perhaps) were all not significant.  

There was a significant difference in the number of words per sentence.  It indicates that 

non-photographic descriptions (M = 17.49, SD = 8.19), have more words per sentence 

than photographic descriptions (M = 13.38, SD = 7.64), t(145) = -2.78, p < .01).  Table 9 

summarizes the statistics for all of the variables included in the LIWC dictionary. 
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Discussion 

This study set out to explore whether individuals perceive more or less 

uncertainty and risk based on the visual information presented in tornado live coverage 

forecasts.  The results indicate that individuals perceive more certainty and higher levels 

of risk when photographic information, such as tornadoes forming and debris blowing in 

the air, is presented, and more uncertainty and lower levels of risk when non-

photographic information, such as radar and velocity images, is presented.   

When participants viewed photographic images of, for example, the tornado 

crossing the Connecticut River, their perceived risk increased and their perceived 

uncertainty decreased.  This indicates that, perhaps, photographs provide the specificity 

necessary to increase the believability of a risk, which is a key ingredient to a successful 

warning message (Drabek, 1969; Mileti & O’Brien, 1992; Perry & Greene, 1982, 

Quarantelli, 1984; Sorensen, 1982, 2000).  The photographic images in both videos 

varied in that the Springfield example was clearly showing a tornado crossing a river, 

whereas the Elmira video showed dark clouds, lightning, and wind.  The Elmira tornado 

was rain-wrapped, and therefore, was not as clear as the first.   

For non-photographic images, this study suggests that the simple use of a non-

photographic image implies something is uncertain, whether it is the time, location, 

severity, or impact of the tornado.  Radar images are commonly used to indicate where 

the tornado could possibly form.  But, as forecasters often emphasize in their verbal 

messages, the tornado is “only radar indicated.”  Radar technology does not prove that the 

tornado is on the ground.  If a tornado is severe enough, a debris signature may appear on 

the radar image, but for weaker or short-lived tornadoes, this signature may not appear 
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(Schultz et al., 2012).  Ground truthing is the only confirmation of a tornado, and as such, 

this study, like many other studies (Abraham & Appiah, 2006; Feigenson & Sherwin, 

2007; Gibson & Zillmann, 2000; Gilliam & Iyengar, 2000; Messaris & Abraham, 2001), 

reaffirms the ability of visuals to imply messages, such as a radar image implicitly 

conveying uncertainty.  

Of additional importance are the explicit verbal messages associated with the 

visuals.  This study found that indexical images, regardless of their textual code, 

prompted lower perceived uncertainty and higher perceived risk than non-indexical 

images, which prompted higher perceived uncertainty and lower perceived risk.  The 

results within each visual type offer a more perplexing issue.  Within indexicality, the 

means for each textual code indicate an inverse relationship between perceived risk and 

perceived uncertainty.  Efficacy messages conveyed the highest risk and the lowest 

uncertainty, whereas threat messages conveyed the lowest risk and the highest perceived 

uncertainty.  Impact messages fell in between.  All of these differences were statistically 

significant.   

This inverse relationship between risk and uncertainty of the messages makes 

sense.  Threat messages were coded as having uncertainty of the risk, whereas with 

efficacy messages the broadcasters were conveying the severity of the risk through 

suggested actions, which subsequently conveyed their certainty of the risk.  The indexical 

proof of the risk, the tornado forming or evidence of wind, was redundant with the verbal 

messages.  The audience could see the risk and confirm the verbal messages.  High 

redundancy leads to higher processing of the verbal messages (Drew & Grimes, 1987; 
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Grimes, 1990), which may explain the interaction between indexicality and the textual 

messages.  

Conversely, the issue of semantic overlap may explain why there was no 

significant difference among the textual codes in the non-indexical setting. Not only was 

there no statistical significance, but the means also do not indicate the inverse 

relationship between perceived risk and uncertainty.  Unlike indexicality, non-indexical 

images in the study videos, such as a radar, do not prove that a tornado exists.  When a 

broadcaster states to “Shelter now!” from a tornado while a viewer is watching a radar, 

the radar does not necessarily semantically relate as much as a photo of a tornado.  This 

lower level of redundancy favors individuals processing the visual channel (Drew & 

Grimes, 1987; Grimes, 1990), and subsequently, may have dampened the effect of the 

threat, impact, and efficacy verbal messages. 

The results of the LIWC analysis are not overwhelmingly descriptive, as the 

sample size is too small to detect any meaningful effects.  Although the results show that 

non-photographic sentences have a higher word count than photographic sentences, the 

sentences themselves are arbitrary.  Broadcasters often speak in rambling sentences, 

which made finding the beginning and end of sentences rather challenging.  But, this 

could also indicate that broadcasters may have more to describe when looking at non-

photographic radars, such as describing geographic specificity, where the hail is, or what 

the wind speed is.  On the other hand, just as photographs prompted more perceived risk 

for participants, perhaps photographs function similarly for broadcasters.  Photographs 

may largely speak for themselves with the aesthetics leaving some speechless.  
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This study indicates the role that visuals can play in conveying risk and 

uncertainty in weather messages.  Even with powerful efficacy messages, the visual type 

influenced individuals’ perceived risk and perceived uncertainty. It is important to place 

this study in a larger context, however.  These two videos were from Northeast coverage 

of tornadoes, which may not be exemplary of other tornado coverage in the United States 

from both the audience and the broadcaster perspective.  First, audiences in the northeast 

do not have as much exposure to tornado coverage compared to cities such as Oklahoma 

City, OK.  Tornado experience or exposure and understanding of different types of 

weather graphics may moderate the effects found in this study.  Second, given the lack of 

tornado experience in the northeast, the broadcasters may also not have the same level of 

experience communicating tornado threats.  Additionally, Elmira and Springfield are 

smaller TV markets, which may not have the same software or infrastructure to convey as 

many types of weather graphics compared to that of Oklahoma City or Tulsa, OK, for 

example. 

Although there are concerns with generalizing the contextual findings, the 

theoretical results of this study found that visual type, photographs versus non-

photographs, influences risk and uncertainty differently.  What is troubling about these 

findings, however, is that all risks have some associated uncertainty, but photographic 

images or live videos are not always available.  In communities such as Elmira, NY, and 

Springfield, MA, tornado images are difficult to attain due to a complicated terrain, and 

thus, forecasters and risk communicators largely depend on non-photographic images.  

There are many risks that are similar either because of geographical issues or simply 

because the risk is invisible, such as air quality issues or radiation, for example.  Non-
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photographic images play an important role in risk communication.  Future research 

needs to focus on the effects of these visual differences determining how both individual 

differences or visual differences moderate the influence on perceived risk and 

uncertainty.  Further, more studies should elaborate on the relationship between non-

photographic images and their associated verbal descriptions.  Increasing the semantic 

overlap between the verbal and visual channels of non-photographic images may be the 

key in increasing the effectiveness of these risk communication visuals. 

Limitations 

 With any study, there are limitations.  Using real-time response measurement was 

a unique approach to isolating visual effects of photographs and non-photographs, but it 

also posed challenges.  First, although this study looked at the effects of the verbal 

language, it did not control for audio effects, which may account for some of the 

variation in perceived uncertainty and perceived risk.  Table 3 and 4 show the unevenness 

of the amount of sentences within each message type.  With any live coverage event, 

however, broadcasters will extemporaneously speak over the visuals available with 

limited to no time to prep language, which is why the linguistic analysis was conducted 

with the videos in this study. Broadcasters are responding to the visuals just as their 

audiences are responding.  This study did not indicate substantive differences in visual 

type descriptions, but given the small sample size, more research should be conducted to 

capture how visual types may influence broadcasters’ verbal choices.  

 Specific to the equipment, there is no way of confirming whether participants 

were turning the dial based on the broadcast, simply turning in jest or too focused on the 

content and therefore not turning the dial at all.  Traditionally, the data shows signs of 
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flatlining when these conditions are occurring (Dialsmith, 2013, p. 18).  With this data 

set, only the Springfield tornado indicated a section of flatlining.  The perceived risk 

values all increased and remained high, and the perceived uncertainty all decreased and 

remained low, while showing the formation of the tornado.  Given that the tornado was 

present for many seconds, it follows that perceived risk and perceived uncertainty would 

maintain their respective values.  Thus, flatlining in this case may indicate no actual 

change in perceived risk or perceived uncertainty, not non-response. 

 The participant sample size is small, though with repeated measures of RTR the 

overall sample was quite large.  Further, studies should be conducted to see if there are 

specific individual characteristics that may influence the visual effects.  With the smaller 

sample size, and the context of only tornadoes, caution is warranted to generalizing the 

results too far outside from this context.  Additional risk contexts should be studied to 

further validate the results and allow for generalizability. 

Conclusion and Implications 

The results of this study show just how influential photographs can be on 

individual perceptions.  The photographic images used in this study came from the 

respective stations’ sky cams, and thus, were credible images of the impending risk of a 

tornado.  Of concern, however, is the fact that not all photos are actual photos, but are 

lookalikes.  Just as there is more technology to produce photographs, there are also more 

tools to edit photographs or create images that look identical to a photograph.  This was 

exemplified during Superstorm Sandy in October of 2012.  Incredible images began to 

emerge over social media, such as the flooded New York Stock Exchange (Farhi, 2012).  

Due to its realness, this image, as well as many other erroneous images, spread like 



	   78	  

wildfire over social media and finally made their way to mainstream TV news media 

(Colbert, 2012; Farhi, 2012) 

Knowing that photographs in a tornado context increase perceived risk, 

broadcasters may be eager to show the first available photographs of a risk, such as storm 

surge from Superstorm Sandy.  The challenge is that it is difficult to know the difference 

between a real or fake photograph, though researchers are working on ways to reduce this 

mistake (Gupta, Lamba, Kumaraguru & Joshi, 2013; Livingston, 2013).  Risk 

communicators and risk practitioners should be keenly aware that visual types may 

influence their audience.  But, overrelying on photographs to increase risk may 

potentially decrease the perceived value and utility of non-photographic images that serve 

a unique purpose in the context of risk communication. 

American photographer and environmentalist, Ansel Adams, may have been 

foreshadowing larger visual effects issues when he said, “Not everybody trusts paintings 

but people believe photographs.”  The results of this study indicate that people do place 

more believability in photographs through their increased perceptions of risk, and their 

decreased perceptions of uncertainty, compared to non-photographic images in a tornado 

media context. With photographic technology increasingly available, risk communicators 

may be creating an evolving overreliance on photos that will slowly and unknowingly 

decrease the perceived value and utility of non-photographic images, which serve a 

unique purpose in the context of risk communication.  Risk practitioners should remain 

aware of the effects that visual types may have on their audiences’ perception of risk and 

uncertainty and take caution not to propagate an overreliance on photographs. 
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CHAPTER 5 
 
 

Discussion and Conclusion 
 
 

Summary of Findings 
 

The goal for this study was to understand how visual types, indexical versus non-

indexical, influence both the broadcasters’ language choices, as well as the effects on 

individual’s perceived risk and uncertainty to severe weather broadcasts. The results were 

as follows:  

 
• RQ1: Do individuals perceive a difference in risk when viewing indexical 

compared to non-indexical images?  Individual perceived risk was higher while 

viewing indexical images as compared to non-indexical images.  For example, the 

live video of tornado coverage conveyed more risk than radar images.  The 

hydraulic fracking condition, however, was not significant.   

• RQ2: Do individuals perceive a difference in uncertainty when viewing non-

indexical compared to indexical images? Individual perceived uncertainty of the 

information was higher while viewing non-indexical images as compared to 

indexical images.  For example, the radar images created more uncertainty while 

the live video coverage decreased uncertainty.  Again, the hydraulic fracking 

condition did not show any significant differences. 

• RQ3: Do broadcasters differentiate how they verbally communicate while 

presenting indexical compared to non-indexical images?  There was no statistical 

difference between broadcaster’s language communicating with indexical versus 
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non-indexical visuals.  In particular, the LIWC analysis found no hedging or 

uncertainty differences between the language used to convey visual types. 

• RQ4: Does the broadcaster’s language interact with visual type to influence 

individuals’ perceived risk and perceived uncertainty?  There was an interaction 

effect between visual type and language (threat, impact, efficacy, other).  Within 

indexicality, all message types prompted higher perceived risk with efficacy 

messages prompting the highest perceived risk followed by impacts, then threat 

messages.  All message types prompted lower perceived uncertainty with efficacy 

messages prompting the lowest perceived uncertainty, followed by impacts, then 

threat messages.  There were no significant differences between message types for 

non-indexical visuals.  

The rest of this chapter will reflect on these results both from a theoretical and 

methodological point of view. 

Theoretical Reflections and Limitations 

 As defined in Chapter 2, indexicality and non-indexicality provide different 

functions in the risk context.  An indexical image of a tornado proves that the risk not 

only exists, but that it is occurring now, whereas the non-indexical radar provides 

information that a risk exists, but it is not confirmed.  Using Burri’s (2012) visual logic, 

however, showed that both visuals provide unique visual values, and that the weakness of 

one visual was the corresponding strength of the other.  Although each visual 

characterizes the aesthetic and scientifically credible qualities for visual persuasion as 

defined by Burri (2012), this study shows that the effect of these values and persuasion 
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on individuals is not uniform.  The results show that indexical photographs and live video 

were more persuasive than non-indexical radar images. The focus turns to why. 

 Visual type and predicted probability. In probabilistic risk assessment, risk is 

objectively defined as probability times consequence (Lowrance, 1980).  When applying 

this to visuals in the risk context, the consequence does not change for visual type, as the 

context or the type of risk remains constant.  That is, when thinking about indexical 

versus non-indexical tornado images, the consequence for a tornado occurring remains 

the same.  A tornado may cause death, injury and property damage regardless of the 

image.  The predicted probability, however, does change based on how each visual type 

functions.  Within the tornado context, a radar image shows the structure of a storm and 

indicates that rotation exists.  This information increases the predicted probability of a 

tornado occurrence.  The probability is no longer zero, as forecasters have confirmed that 

some risk exists.  But, the semantics surrounding the phrase, “tornado warning,” leaves 

much room for uncertainty in combination with the limitations of radar technology.  The 

warning simply implies that a risk exists, but the probability is not 100%, unless there is 

visual confirmation.  Even with visual confirmation, the probability of the risk changes 

based on whether the individual is within the path of the storm.   

 Indexicality, on the other hand, may increase the predicted probability to 100%, 

describing that a risk exists for some individuals.  If a photograph captures a tornado on 

the ground, then the probability of that event occurring is 1.  It is happening.  Even if the 

environmental conditions do not allow for a clear view of the tornado, another indexical 

image can provide proof such as an image of the damage path.  Any indexical image 

surrounding the tornado, the tornado itself or the damage path, is adequate to provide 
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proof.   Indexicality confirms the risk, whereas non-indexicality provides increased 

probability, but not proof.  The comparison can even be made between the WSR-88 

network before and after the dual-polarization update.  The technology of radar has 

improved, increasing the radar’s accuracy in detecting a tornado.  The predicted 

probability of a tornado occurring is higher when using the dual polarization radar image 

compared to the older, unidirectional WSR-88 radar. But even with increased accuracy, 

the predicted probability is not 1.   

 Non-indexicality weaknesses. One question that emerges, however, is can a non-

indexical image convey a risk at 100% perceived probability? Or, is there an inherent, 

underlying uncertainty to all non-indexical images?  This dissertation shows that in the 

tornado context non-indexical images prompted more perceived uncertainty and lower 

perceived risk in all language conditions compared to indexical images.  The coding 

scheme was designed such that threat conveyed uncertainty, impacts conveyed certainty, 

and efficacy conveyed behavioral statements.  Looking at Table 3 (uncertainty) and 4 

(risk), there was almost double the amount of threat counts in non-indexicality compared 

to indexicality, and there were almost 6 times the amount of impact counts in indexicality 

as compared to non-indexicality.  Recall that counts relate to time in that each count 

equals 2 seconds.  This means that the language paired with non-indexical images 

primarily described threats more than impacts more than efficacy messages.  It should 

also be noted, however, that the LIWC analysis of the transcripts noted no statistically 

significant difference in uncertainty terms, otherwise known as hedging or modality verbs 

and adverbs, such as, may, could, might, perhaps, etc., (Kranich, 2011) between the two 

visual types.  
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 Redundancy. A potential explanation for the lack of interaction between the text 

and non-indexicality may lie in the relationship between the visual and the text, otherwise 

known as redundancy.  Redundancy refers to the semantic overlap between the visual and 

verbal message (Drew & Grimes, 1987; Grimes, 1990).  When the verbal and visual 

messages do not semantically relate, individuals process the visual information more 

(Drew & Grimes, 1987).  Given the results of the dissertation, it could be argued that 

threat messages were more semantically related to the non-indexical radar images, 

therefore prompting more perceived uncertainty in the information, as processing favored 

the verbal messages.  But, if this were true, then the data should have detected a statistical 

difference between threat and impact, and threat and efficacy messages, as impact and 

efficacy messages would have had lower semantic overlap with the radar images.  

Perhaps the non-detection was due to the unevenness of the counts.  Further though, if 

lack of redundancy is the issue between the radar image and impact and efficacy 

messages, then an individual’s processing favors the radar image, not the message.  If 

non-indexicality does inherently convey uncertainty, then this may help explain why 

perceived uncertainty remained high even with messages conveying more certainty (see 

Future Research).  

 Methods. In addition to redundancy, two issues emerge from the results for non-

indexicality.  First, the results may be driven in the methodological choices of the coding 

scheme.  The coding scheme emphasized phrases of uncertainty versus certainty at the 

full sentence level. Perhaps if the coding scheme emphasized other aspects of risk in the 

language, there would have been more interaction among non-indexicality with the text 

codes. Theoretically, however, it makes sense to convey risk through threat, impacts and 
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efficacy messages.  Additionally, the coding scheme could have broken down the 

sentences into smaller phrases to find more nuanced variation.  Furthermore, there were 

only 2 videos in this context with the number of indexicality counts outweighing that of 

non-indexicality.  Whether this unevenness is driving the results, or this unevenness is a 

result (That is, does risk news coverage always favor indexical images?) remains unclear. 

 The second issue that the results raise is whether or not non-indexical images are 

simply more conducive to uncertain, threat descriptions rather than certain impacts.  

Impacts imply something that can be seen. Can non-indexicality show certain impacts?  

If the predicted probability of an event is 1, then is there always an indexical image that 

can capture it?  For example, if a nuclear power plant has an explosion, a river overflows 

its banks or an oil tanker has a spill, the event has occurred, and photographic images will 

or could be available.  For these concrete risk events, indexical images provide certainty 

with a probability of 1.  But, this study indicates that uncertainty may be an embedded 

characteristic of non-indexical, risk images, especially when non-indexicality is 

juxtaposed against indexicality.  It should be noted, however, that the absence of a photo 

does not mean the probability of an event is not 1, and alternatively, just because a photo 

is available does not always mean the probability is 12.  This study is simply indicating 

that when indexicality is juxtaposed with non-indexicality, indexicality indicates certainty 

whereas non-indexicality indicates uncertainty. 

 Expert versus non-expert audiences. One particular feature that this dissertation 

did not focus on is whether or not this inherent uncertainty, or visual heuristic, is 

audience dependent.  That is, a meteorologist may argue that a non-indexical image, such 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
2	  Recall the discussion in Chapter 3 about false photos.  Valid indexical photos of a risk 
convey a probability of 1.  Broadcasters must vet photographs for their aunthenticity. 
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as a radar with a clear hook echo, cuplet, and debris ball, provides proof, or a predicted 

probability of 13.  But, why would expert meteorologists say this is proof?  This is in part 

due to their professional vision, their “socially organized ways of seeing” (Goodwin, 

1994, p.606).  Meteorologists are trained to see differently.  They are cognitively 

empowered to see more proof in non-indexical images than non-experts. 

 Both the literature on imagery processing and on abstract words builds an 

argument that knowledge development is key to easing the processing of complex 

imagery, which may describe non-indexical images.  To be clear, imagery in the 

psychological context does not necessarily mean an actual visual, but is used to describe 

mental imagery (see Shah, P., & Miyake, A.2005).  Paivio’s dual processing theory helps 

to expand on this suggesting that there are two independent, but interconnected paths for 

processing verbal versus non-verbal ideas, which includes mental imagery as well as 

tangible visuals (Paivio, 1971, 1986, 2007). Verbal ideas, referred to as logogens, relate 

to written or spoken words, whereas non-verbal ideas, referred to as imagens, include 

hand gestures to actual pictures. Some words evoke images while some images evoke 

words. Paivio calls this referential processing. 

 The level of referential interconnectedness between the verbal and non-verbal 

paths is determined by functional strength defined as, “determined by prior objective 

experiences with referent class members and verbal descriptions associated with them, 

and strength translates into the probability distribution of overt referential responses” 

(Paivio, 1986, p. 63).  In essence, when an individual initially hears a word or sees an 

image, there is a higher-level probability that a specific image or verbal idea will come to 

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
3	  It should be noted that my external committee member in atmospheric sciences sees 
proof in a radar.  The fundamental question becomes, “Why?”	  
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mind, such as an image of a shirt for the word clothing, or the word clothing for the 

image of a shirt. For abstract words, the initial reaction is not to referentially process 

them leading to low functional strength, but if paired with a related word with a higher 

functional strength (a concrete word), then the abstract word can evoke an image (Paivio, 

2007), such as an image of a church for the word religion, or a picture of a kiss for the 

word love.  

 The challenge is that human cognition prefers the most basic, or concrete, visual 

reference, as it is the fastest level to identify (Rosch, 1978; Tversky, 2005).  Basic pieces 

may include lines, which may help to identify shapes such as of a cat or a chair.  When an 

individual sees an image or hears a word, they process these basic shapes first.  It is here, 

however, that mental errors or incomplete parts may begin to break the processing down 

(Tversky, 2005), especially is it pertains to maps, such as radar images.   This is 

important because when a meteorologist sees a radar image, they have the “objective 

experience,” as Paivio describes, to understand the meaning of all the basic pieces (see 

also, Lowe, 2001).  This may allow them to build their mental map faster, and 

subsequently, see more proof than a non-expert audience.  

 This does not mean that non-experts, however, cannot have similar professional 

visions or understanding.  Individuals have their respective educational, experiential, 

social and cultural influences on how they interpret visuals.  Non-expert audiences, 

however, may need more time to referentially process the meaning of the basic pieces, as 

they have yet to develop a mental map due to a lack of necessary objective experience.  

Given that many of these non-indexical images are only shown for a few seconds and 

then change in the course of a weather broadcast, is there adequate time for audiences to 
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cognitively process the information?  Or, are audiences left to depend on heuristic 

devices? That is, is there a visual heuristic that impedes non-expert audiences from seeing 

this expert proof in non-indexical images?   

 Visual type as (in)sufficient information. When complex risk information is 

presented, individuals may process this information systematically and/or heuristically.  

Systematic processing is more deliberate requiring more effort to comprehend and 

validate message components, whereas heuristic processing is quick and intuitive 

depending on cues and requires less effort (Chaiken, 1980; Eagley & Chaiken, 1993; 

Johnson, 2005; Trumbo, 1999).  A component of whether someone will heuristically 

and/or systematically process information depends on his or her sufficiency thresholds.  

“People will exert whatever effort is required to attain a ‘sufficient’ degree of confidence 

that they have satisfactorily accomplished their processing goals” (Eagley & Chaiken, 

1993, p.330).  Further defined, information sufficiency is, “An individual’s assessment of 

the amount of information he or she needs to cope with the risk” (Griffin, Neuwirth, 

Dunwoody, & Giese, 2004, p.24).  Alternatively, information insufficiency is the gap 

between an individual’s knowledge as compared to what the individual believes he or she 

needs to know to cope with the risk (Griffin, Dunwoody, & Yang, 2014). 

 As elaborated in the introduction, radar images and photographs of tornadoes 

provide different visual value, or alternatively, visual risk information.  Radars provide 

an initial risk assessment, increasing the probability of a tornado occurrence, while also 

providing necessary spatial information for who is in the path.  The photographs, on the 

other hand, provide the necessary proof that taking action is imminently important, 

raising the predicted probability of occurrence to 1.  These differences are important as it 
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relates to the steps in the warning response process.  Mileti and Sorensen (1990) 

summarize the steps of the warning response process as follows: hear, understand, 

believe, personalize, decide and respond.  The participants in the experiment were told 

they hypothetically live in the area of the video, which means from the beginning of the 

video they heard the warning, as “tornado warning” is explicitly mentioned in both 

videos.  Understanding was not measured, but is conceptualized as an individual’s 

attachment of the message meaning, not necessarily an expert level interpretation.  The 

next step is key to the visual distinction.  An individual must believe the warning, threat, 

or risk.  Perceived risk was highest for indexical images, as well as prompted the lowest 

perceived uncertainty values.  Indexicality provided believable proof that a tornado is 

occurring.  There is no chance of a false alarm if an individual can see the threat. 

 What’s more is that if indexicality exists for the risk, it may satisfy an individuals’ 

sufficiency threshold.  As Trumbo (1999) found, “Having sufficient information (and 

associated high levels of judgment confidence) makes one feel simultaneously less 

motivated and more efficacious.  This combination then may tend to undermotivate the 

more effortful systematic processing” (p.396).  It is possible that indexicality increases 

heuristic processing due to the fact that it may provide sufficient information, thereby 

reducing the need for systematic processing (see Griffin, Neuwirth, Dunwoody & Giese, 

2004; Griffin, Dunwoody & Yang, 2012).  

 How this may explain why non-indexicality evoked more perceived uncertainty 

and less perceived risk than indexicality lies with the relationship between the two.  

Although radars and photographs of a tornado have their individual value, it was 

previously discussed how the weakness of one is the strength of the other.  Both visual 
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types are necessary to communicate the entire risk to the audience; they epitomize the 

correspondence theory of representation (Lynch, 1991).  But, it may also be this 

correspondence that creates a potential visual bias.  When the two visual types are 

juxtaposed with each other, indexicality appears more certain than the other.  Indexicality 

makes the risk believable, potentially fulfilling one’s information sufficiency threshold.  

In turn, this believability may cause non-indexical images to appear less believable, and 

thus more uncertain.  Of course, objectively, this is not case.  Heuristic devices may 

require less time and effort, but they often lead to error and bias (Tversky & Kahneman, 

1974).   In the tornado context, the difference in perceived risk and perceived uncertainty 

between indexical and non-indexical images may be due to the juxtaposition of the two 

visuals.   

 Generalizability and limitations. But, these findings may only be an artifact of 

this study.  Using a student sample in a hypothetical risk setting is not ideal, though many 

studies employ this practice (Lang, 1996).  But, there are many questions that emerge 

about its generalizability.  For example, perhaps as individual expertise or experience 

with the risk increases, perceived uncertainty of non-indexical images decreases.  There 

may be a more nuanced spectrum of uncertainty/low risk to certainty/high risk regarding 

non-indexical images that remains untested in this study.  

 Fracking as a boundary search. One reason for raising the generalizability 

concern is that the visual heuristic, or visual juxtaposition, was not found in the hydraulic 

fracturing context.  There was no significant difference between indexicality and non-

indexicality.  The fracking videos were included in the study due to their relevance to the 

upstate New York area, as well as their inclusion of both visual types.  There were, 
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however, some distinct differences between the fracking and tornado videos that may 

have carried the lack of statistical significance.  First, although there was visual variety, 

the number of non-indexical segments in comparison to indexical were lower than that of 

the tornado videos.  The statistical analysis did not have much power to detect differences 

in the sample, if differences were present. 

 But, what’s more is that the characterization of risk is entirely different in the two 

contexts.  The introduction expanded on the visual value, performance, and persuasion of 

the tornado context, as that is the primary domain of interest.  The fracking context was 

used as a boundary search comparison to see if visuals function the same or different in 

all contexts. But, the fracking images visual value, performance, and persuasion may be 

so fundamentally different than the tornado context that they are not fair comparisons. 

 Examples of fracking images. For example, the indexical images in the fracking 

context include many filler images commonly used in news reports.  The producers 

showed images of drilling sites above ground, the rolling hills around the drilling site, 

and also showed dramatic video of water that catches on fire, presumably due to fracking, 

as well as images of home foundation cracks, ostensibly due to earthquakes caused by 

fracking.  One fundamental difference in the indexical images between the tornado and 

fracking context is that the tornado images provided proof, whereas the fracking photos 

cannot.  As elaborated in Chapter 2, visuals do not have syntax like words to explain 

causality.  This is referred to as syntactic indeterminacy (Messaris, 1997).  The news 

producers may have shown the indexical images of the water on fire and cracks in the 

cement to indicate a risk from fracking, but unfortunately, the images fall short of this 

value.  The images do not provide proof that fracking caused those consequences.  
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Applying these concerns to the risk times consequence framework, the objective risk 

does not increase, and the consequence is unproven or unknown.  Given that risk 

perceptions are influenced by other factors including heuristics (Tversky & Kahneman, 

1974), affect (Loewenstein, Weber, Hsee, & Welch, 2001; Slovic, 1987; Slovic, 

Finucane, Peters, & MacGregor, 2004) and trust (Peters, Covello, & McCallum, 1997; 

Slovic, 1993; Trumbo & McComas, 2003), to name a few, the subjective risk may 

increase from seeing such images, but theoretically, indexicality is not proof in this 

context. 

 The non-indexical images shown in the fracking videos primarily conveyed the 

process of fracking, as all of the drilling activity occurs well below the earth’s surface.  

Other images included maps showing where fracking occurs in the United States.  These 

images provide information, but provide little value in communicating risk through 

conveying probability or consequence.  They may, however, provide needed material to 

begin to fill the gap for an individuals’ information sufficiency threshold.  If, in the 

tornado context, indexicality increases heuristic processing due to the fact that it may 

provide sufficient information, thereby reducing the need for systematic processing (see 

Griffin, Neuwirth, Dunwoody & Giese, 2004; Griffin, Dunwoody & Yang, 2012), then it 

is equally as possible that non-indexicality in the fracking context increases systematic 

processing, due to the fact that it prompts information insufficiency.  In fact, because 

neither visual type influences the predicted probability of an event, both visual types may 

induce more systematic processing prompting no difference in perceived uncertainty and 

risk.  
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 Lack of fracking knowledge. Moreover, maybe the student participants did not 

have much previous knowledge about the process or risks of hydraulic fracturing before 

the experiment.  Thus, participating in the experiment could have potentially increased 

their knowledge about fracking, but simultaneously making them more conscious of their 

information insuffiency.   Understanding or previous knowledge was not measured in this 

study, however, but future research could explore this possibility. 

 Visual value. Focusing on the combination of visual value of both visual types, 

there is less complement in the fracking context than in the tornado case.  Showing the 

process of fracking helps to frame the news story, but nothing was shown in enough 

detail to show how the water may have been contaminated, or what specifically caused 

the earthquake that was not shown in the video.  In this context, the weakness of one 

visual type is not necessarily the strength of the other, which may decrease their overall 

value.  Recall that visual value refers to the qualities or “non-discursive characteristics of 

images constituted through social practices.”  It is important to note another major 

difference between the two contexts: The tornado videos were live, unedited coverage.  

The fracking videos represent pre-made, voiced over, edited news coverage.  The social 

practices surrounding the visuals’ value are embedded within the performance of the 

news setting.  Indeed, the potential risks from hydraulic fracturing warrants increased 

attention.  But, from a theoretical point of view, the visuals’ values do not function in a 

way as to prove the risk.   

 Visual performance. The visual performance, however, may provide a different 

view.  Unlike the tornado context, the fracking images were specifically chosen and 

edited, among many possible images.  Additionally, the actors choosing the images were 
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most likely not a scientist, which is another difference with the tornado context.  But, 

Burri’s visual logic is a sociological framework to explain images, not just images made 

by scientists (though science is emphasized in her work).  The visual performance, the 

aesthetic choices of the indexical images and the juxtaposition with the location of the 

fracking site as denoted by the non-indexical images, may be conveying a visual story 

that increases risk perception, but it does not vary by visual type.  

 Visual persuasiveness. The visual persuasiveness may be the most descriptive 

component for the fracking visuals.  First, visual persuasion emphasizes the power of 

aesthetics to attract attention.  The indexical images of burning water and cracks in the 

foundation undoubtedly draw attention.  As far as the visuals conveying authority, 

however, both types of visuals may fall short.  The images do not appear to convey a 

nexus of scientific activities (Lynch, 2006). It could be argued that the non-indexical 

images showing the process of fracking show some level of scientific authority, but it is 

unclear who designed these graphics, a scientist or a news producer, etc.  The last aspect 

is trustworthiness, which may relate to the audiences’ trust in the source, such as a news 

station or broadcaster, or alternatively, it may relate to trusting non-indexical images as if 

they are indexical (Joyce, 2005, Rao, 2003).  The two non-indexical images included the 

fracking process, and a map, which are often accepted as fact (MacEachren, 2004; 

Monmonier, 1995).  The issue here is not with the non-indexical images, but more with 

the indexical.  The indexical images, although captivating, may lose some persuasive 

power due to their syntactical indeterminacy.  The photos and video cannot objectively 

convey the relationships that were intended, but could, however, implicitly convey this 

connection.    
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 Two, too different contexts. To summarize, the two contexts are extraordinarily 

different in their visual logic.  The visual value is distinct in both contexts, which is 

reflected in the visual effects of the studies.  What’s more is that the visual persuasion 

may be the key to their differences.  The aesthetics of the photos in both contexts are 

notable, but the overall persuasion – the goal of the videos and subsequently the visuals – 

is not clear in both videos.  The tornado videos are conveying a specific risk while 

communicating a clear action: take shelter.  It is unclear, however, what the goal of the 

hydraulic fracturing videos is as there is no clear action suggested by the news anchor.  Is 

the goal to increase perceived risk from fracking? Or, is the goal to have viewers question 

whether a risk exists at all?  This study cannot answer these questions, but this inquiry 

may help explain the fundamental difference between the two contexts, and subsequently 

why there are different visual effects.   

Methodological Reflections and Limitations 

 One of the major goals of this dissertation was to determine if real-time response 

measurement was a unique way to isolate visual effects of media messages.  As is noted 

in the theoretical discussion, not all risk contexts are the right fit for such a 

methodological design, due to such concerns as syntactic indeterminacy.  Further, given 

the multiple methods used to analyze this data, the overall efficacy of RTR lies in its 

compatibility with other methods.  That is, RTR alone cannot isolate visual effects.   

 As is noticeable from Chapters 2 and 3, many methods were employed to validate 

the data. The best way to characterize this approach is through concurrent triangulation.  

Although the RTR data was emphasized, multiple methods were employed to cross-

validate the findings, a common approach with mixed methods research (Creswell, 2003).  
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The RTR data showed an effect; visual type did make a difference on perceived risk and 

uncertainty.  But, to minimize threats to internal validity, other methods were 

implemented and tested to ensure that the effect truly is from the visual, and not driven 

by another confounding variable (see Figure 8). 

 This next section will provide an overview of each of the methods used to answer 

each research question discussing both the strengths and weaknesses of the sample, 

operationalization of constructs, and analysis. 

 Measuring visual type effect on perceived risk and uncertainty.  

 Sample type. The first and second research questions focused on, “Does visual 

type have an effect on individual perceived risk and perceived uncertainty of the 

information?”  To answer this question, an experiment was conducted at a large 

university in upstate New York using their real-time response equipment.  The sample 

included a convenient sample of undergraduate students who were given extra credit for 

their course in return for their participation.  Student samples are often used for 

laboratory experiments due to their accessibility and low cost (Lang, 1996).   

 Student samples, however, have also been criticized for their lack of 

generalizability and low external validity (Iyengar, 2011; McDermott, 2002; Morton & 

Williams, 2010).  The concern is that the sample characteristics and research environment 

do not replicate the environment in which the event would actually take place.  For 

example, individuals may watch environmental broadcasts at home or in their place of 

work, not necessarily in a classroom with eight other colleagues around them, as it was 

conducted in this study.  Yet, other researchers argue that the criticism of laboratory 

experiments is overstated (Druckman & Kam, 2011), or that the magnitude of the effect 
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size may differ in the laboratory compared to the field, but that the direction is reliable 

(Gerber, 2011).   

 Sample size. Another concern with the student sample is its size.  Although 43 

students participated, only 27 were included in the analysis with 14 in the perceived risk 

condition and 13 in the perceived uncertainty condition.  The repeated measures data 

allowed for a theoretical focus on visual effects, but the small participant sample size 

prevented the investigation for individual differences that may have driven some of these 

effects.  For example, a short survey was administered at the beginning of the session that 

included demographic questions.  Gender was included in one of the original models, but 

the sample size was too low to detect any differences, and further, even if it did detect a 

difference, one would have to question the validity of the data.  The findings would be 

inconclusive.  Further, other individual differences were not analyzed, such as experience 

with the hazard.  Not only was the sample too small, but there wasn’t much variation with 

the hazard experience.  Although pre-survey questions were administered, their value was 

diminished by the small sample size. 

 Generalizability. Acknowledging these sampling issues, the findings of this study 

should be carefully evaluated for its generalizability to specific populations.  However, 

the sample used to investigate the theoretical questions was a different sample.  Each of 

the 27 participants provided hundreds of data points due to repeated measures.  Using 

RTR allowed for the isolation of responses every two seconds, which subsequently 

allowed for a comparison between the responses and the visual types.  Thus, it was the 

number of segments of indexical and non-indexical compared to the hundreds of 

dependent variable repeated measures of perceived risk and uncertainty that were under 
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analysis.  For example, looking at all 4 videos in the study, there were 7,528 segments for 

perceived risk, and 7,080 for perceived uncertainty.  From this point of view, an 

argument can be made that the sample is large enough to detect theoretical differences.  

 Video choices. In regard to the four videos, the videos were chosen for their 

visual type variability, as well as their applicability to the upstate New York and New 

England areas.  Three out of the four videos were openly available on YouTube including 

both hydraulic fracturing videos and the Springfield tornado video.  The last video was 

graciously donated from WETM in Elmira.  As stated in Chapter 2, the videos were 

chosen for two reasons: their visual variety and the proximity of the issues.  The latter 

relates to the fact that fracking is an environmental issue that relates to the citizens of 

upstate New York, and the tornado videos occurred in New York and close by in 

Massachusetts.  The former topic was used as a boundary search to see if visual theory 

functioned similar or differently to the severe weather context.  Designing videos would 

have been ideal in order to control more variables such as the number of segments of 

indexical versus non-indexical images.  Creating videos, however, is expensive.  Using 

real news footage, on the other hand, created a more believable environment.  It increased 

the external validity of the study to use news clips that participants may be accustomed to 

seeing. 

 Operationalizing risk and uncertainty: Validity concerns. In terms of 

operationalizing the constructs of perceived risk and perceived uncertainty, the wording 

that was used was the following:  

As you watch this video, please turn your dial to the right at the moment(s) you 
feel high uncertainty.  Please turn your dial to the left at the moment(s) you feel 
low uncertainty. 
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Imagine this next video is your local news, and that you live in Elmira, NY.  As 
you watch the video, please turn the dial to the right when you feel that the risk of 
a tornado is high.  Alternatively, turn it to the left when the risk is low 
 

One of the challenges was not having any previous RTR literature on risk communication 

to emulate in terms of question wording.  There are many such examples for survey 

research on risk perception and weather and climate change. For example, in Ash, 

Schumann, and Bowser’s (2013) study on tornado images, they used two, 5-point likert 

scale questions asking, “1) if you were located at the dot [in a tornado mapped area], how 

afraid would you be for your life and property? 2) If you were located at the dot, how 

likely would you be to take protective action (e.g., go to a basement or interior room; 

leave a mobile home or vehicle for sturdy shelter; lie in a ditch)?”  Another tornado study 

measured a preparedness variable asking about how much personal danger do you think 

you are in (Chaney & Weaver, 2010). 

 Other examples of risk perception survey questions include asking about how 

much an individual thinks that, for example, climate change, will harm individuals, 

groups, communities, etc. (Mead et. al, 2012; Zhao, Leiserowitz, Maibach, & Roser-‐‑

Renouf, 2011), multi-item measures on hurricanes and measures of hazard and outrage 

(Griffin, Lachlan, & Spence, 2008), a scale on hurricane risk perceptions asking “how 

likely do you think a hurricane will …” (Peacock, Brody, & Highfield, 2005; Trumbo, 

Meyer, Marlatt, Peek, & Morrissey, 2014).  All of these studies used more than one 

question to measure risk perception, but when using RTR, and knowing that the sample 

size would be small, our study did not have the liberty of asking many risk perception 

questions.  
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 The wording of both dependent variables could present an issue with construct 

validity (Trochim, 2006), as there were no other methods employed to ensure that the 

participants understood the construct.  As Campbell and Fiske (1959) describe, “We 

believe that before one can test the relationship between a specific trait and other traits, 

one must have some confidence in one’s measure of that trait” (p.100).  There was no 

methodological check to increase this confidence.  Asking about “feeing that the risk is 

high” or “feeling that the uncertainty is low” was a general approach to gathering risk and 

uncertainty perceptions.  The only feedback provided to the participants was that 

uncertainty was in reference to the information, as participants asked for clarification.  

There were no questions regarding the risk operationalization.  Given that only one 

question could be asked for both constructs, a general, uni-dimensional approach was 

taken for a concept, like risk perception, that is clearly multi-dimensional.  Merton, Fiske, 

and Kendall  (1956) coined this methodology the “one-dimensional instrospectometer” 

(p.27), which captures the challenge of measuring a construct that is more than one 

dimension.   In light of this, construct validity is of concern, especially since proper 

testing of the operationalization did not take place.  

 Challenges using RTR. Between the time this data was collected and the writing 

of this dissertation, the RTR software that had created many limitations as outlined in 

Chapter 2, has been updated.  Any future studies using the RTR software will have fewer 

problems with randomizing the order of the videos, nor will there be issues with stopping 

the videos at the same time.  The updated software automated all of these steps.   

  Analyzing RTR data, however, created many challenges and epistemological 

concerns that are not reflected in the middle two data analysis chapters.  Much of the 
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literature on RTR uses graphical analysis (Meyer & Segur, 2009; Tedesco & Ivory, 

2009), with a few employing statistical analysis that aggregates the data (Delakas, 2005, 

2006).  Similarly, the data in this study was originally aggregated by visual type 

providing each individual with an overall indexical and overall non-indexical score for 

each video.  The RTR measures created such large amounts of data that SPSS originally 

could not handle it.  The software crashed numerous times while trying to run the first 

mixed model.  Thinking this was a software concern; the data was aggregated.  Thus, the 

decision to aggregate was not the intent.  In doing so, it over simplified the data and 

averaged out much of the variation.   

 The results based on the aggregated data, though interesting, were not following 

what is known about visual theory.  The findings indicated that there was a visual effect 

difference in both the tornado and fracking contexts.  The results signified that the 

indexical fracking photos of water on fire and cracks in foundation were increasing 

perceived risk more than the non-indexical.  But, because of syntactic indeterminacy, the 

indexical images are not functioning the same way in both contexts, as indexicality 

provides proof of the risk in the tornado context, but cannot in the fracking context.  This 

difference could have been explained through indexical images’ ability to convey implicit 

messages (Abraham & Appiah, 2006; Gibson & Zillman, 2000; Gilliam & Iyengar, 2000; 

Messaris & Abraham, 2001). 

 Interestingly, however, the data set that is reflected in Chapters 2 and 3 is a 

disaggregated data set creating results that were considerably different from the 

aggregated findings; context now mattered.  The visual type effect was only found in the 

tornado context determining that there was no significant difference between visual type 
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in the fracking condition.  Given the issues with syntactic indeterminacy, this finding 

makes theoretical sense. 

 On the one hand, both aggregating and disaggregating the data is an acceptable 

choice.  Both a methodological and theoretical argument can be made for the findings of 

each analysis.  In fact, arguments can be made to collect more data and repeat the 

aggregated and disaggregated analyses to see if similar findings occur again.  As Dubin 

states, “Theory … is concerned with modeling the processes and outcomes of particular 

units interacting in systems, whenever these systems exist and under all conditions of 

their existence” (Dubin, 1969, p.43).  The contexts, such as fracking versus tornadoes, 

and the analysis choice, are part of all conditions.  Thus, aggregating the data is not 

wrong based on the findings, but the analysis may not make as much sense, as it 

oversimplifies the effect by averaging out too much of the variation within individual dial 

movement.           

 The disaggregated dataset allows for each individual’s responses to vary within 

each visual type.  Additionally, the researcher has flexibility to add more time dependent 

factors, which is not as easily integrated into the aggregated dataset.  Once the dataset is 

aggregated, variables cannot be added.  Variables can only be integrated into the 

disaggregated dataset, as the aggregated dataset is calculated from the disaggregated.  

One such factor that was added to the disaggregated dataset was the coded text from the 

videos.  If RTR isolated the possible visual effect, then the addition of the coded textual 

analysis can further isolate what is driving the effect: the visual, the text or both.  The 

RTR data alone cannot prove that it has isolated a visual effect, but this methodology 

provided the foundational data needed to start such an analysis.   
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 Language and Visual Type.  The next set of research questions focused on the 

language in the videos and how it may interact with visual type to influence perceived 

risk and perceived uncertainty.  Given the statistical significance of the effects of visual 

type in the tornado context, this context was further investigated.  Although the findings 

suggested that visual type was driving the change in perceived risk and uncertainty, the 

language could have equally driven it.  To investigate this, the two videos were 

transcribed, coded for messages of threat, impact, efficacy and other, and then evaluated 

for inter-coder reliability (see Chapter 4).  The codes were moderately based on Witte’s 

(1992) perceived severity and efficacy, where severity was broken into two parts: 

uncertain threats and certain impacts.   

 Overview of findings. The results showed that there was an interaction between 

visual type and language.  Interestingly, all of the message types prompted higher 

perceived risk and lower perceived uncertainty for indexicality.  Further, within 

indexical, the order of severity and certainty were reflected in the means.  That is, 

perceived risk increased in order from threat, impact to efficacy messages, and perceived 

uncertainty decreased in order from threat, impact to efficacy messages.  There were no 

significant differences in the non-indexical condition.  

 Coding choices. As mentioned in the theoretical reflections, it is possible that 

these findings are driven by the coding scheme choices, which emphasized phrases of 

uncertainty versus certainty at the full sentence level.  Perhaps if the coding scheme 

emphasized other aspects of risk in the language, such as geographic specificity or 

mentioning sources, such as the NWS, there would have been more interaction among 

non-indexicality within the text codes.  
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 Another methodological choice was the size of the message statements.  That is, 

the coding scheme broke the messages down by sentences.  Smaller phrases could have 

been used that may have found more variation within the visual type.  Alternatively, 

given that the data is against time, different intervals of time could have been coded, such 

as every 3 or 5 seconds.  The challenge here is that multiple ideas could overlap in these 

time periods. 

 Given that measuring behavior was not included in this study, however, coding 

messages for risk, impact and especially efficacy messages provided an indication in how 

perceived risk relates to these frames.  Verbal efficacy messages such as, “Take shelter 

now. Go to your basement or lowest, most inner room,” caused a spike in the RTR 

perceived risk data indicating a positive relationship between individuals’ perceived risk 

and efficacy messages.  Although this is not an indication of behavioral intent, it is 

confirmation that efficacy messages combined with indexicality are prompting increased 

perceived risk, which is a precursor to behavior (Griffin, Dunwoody, & Neuwirth, 1999). 

This is a strong reason to maintain this methodological coding choice, even if the study 

had explicitly measured behavior.  If this study were conducted again, a behavioral 

measure would be included.   

 As noted previously, perceived uncertainty also decreased within the language 

codes in indexicality.  The coding factored in certainty/uncertainty.  That is, threats were 

more uncertain than both an impact or efficacy message, with the latter 2 conveying more 

certainty.  The finding that indexicality prompted more perceived certainty could be an 

outcome of the coding scheme, or alternatively, perhaps broadcasters systematically use 
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more certain language with indexicality and more uncertain language with non-

indexicality.  This possibility prompted the final research question. 

 Broadcasters’ use of language. The last research question focused on if 

broadcasters differentiate how they verbally communicate while presenting indexical 

versus non-indexical images.  To measure this effect, the video transcripts were broken 

into two files: one for language associated with indexical images, and another for 

language associated with non-indexical images.  Then, these documents were compared 

using the Linguistic Inquiry and Word Count software (LIWC, Pennebaker, Booth, & 

Francis, 2007) for differences in hedging or discrepancy phrases.  This analysis indicated 

no statistical significance in hedging or uncertainty words.   

 Sample size. One major limitation of the linguistic analysis was the sample size.  

Only the two tornado videos were used for both the language coding and the linguistic 

analysis, as this was the context that showed statistical significance by visual type.  There 

were 1,554 words for the indexical document, and 689 in the non-indexical.  As has been 

shown repeatedly with all of the methods, there are more segments of indexical images 

than there are non-indexical.  Although the sample size is a limitation, as it has low 

power to detect a statistical difference between the language documents, increasing the 

sample size is not easy to execute.  Although future research could analyze more videos 

to investigate whether scientists speak differently about visual types, the balance between 

indexical and non-indexical may always favor indexical images.   

 The isolation of visual effects. All of these methodological reflections have 

pointed out strengths and weaknesses of the decisions made to implement this study.  All 

of the weaknesses mentioned point to the many limitations of the study from the small 
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number of participants to the questionable construct validity of the risk perception 

measure to the lack of an explicit behavioral measure.  There are certainly many ways 

that this study could have been strengthened.  Despite these limitations, arguably one of 

the biggest contributions of this study is the unique methodological approach to isolating 

visual effects.  The RTR data provided the foundational data to begin isolating the effect.  

RTR increases the external validity of the visual effect measurement, as it allows for the 

measuring of visual effects as they occur in time, rather than statically in a survey or 

interview, or holistically from a pre/post survey of a video, as is often conducted.  In fact, 

other than another time-sensitive methodology, interviews, focus groups, and surveys 

cannot provide such isolated visual effects. 

 But, RTR alone does not isolate a visual effect, as there are confounding variables 

that threaten the internal validity of the study, such as language.  Communication is 

visual and verbal, and as such, both greatly influence perceptions.  Concurrent 

triangulation is often used to cross-validate findings of quantitative or qualitative data 

(Creswell, 2003; Greene, Caracelli, & Graham, 1989).  In this case, the quantitative data, 

the RTR, is the foundational data, and all other methods are used to corroborate the initial 

findings.  Triangulation is defined as the “use of multiple methods, with offsetting or 

counteracting biases, in investigations of the same phenomenon in order to strengthen the 

validity of inquiry results” (Greene et.al, 1989, p.256).  Interestingly, each method 

employed was not necessarily measuring the same phenomenon, but the goal of each 

method was to help in corroborating the validity of the RTR results.  

 Since the emphasis was on the RTR data, the triangulation process took on a 

nested strategy, which is visualized by Figure 8.  The concurrent nested strategy 
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(Creswell, 2003) means that there is a dominant methodology, the RTR, with embedded 

methods nested underneath, the language coding and linguistic analysis.  The data from 

all of the methods are then combined during the analysis, which is easily seen as the 

coding data was integrated into the RTR database.  The linguistic analysis was addressing 

a different research question, but the results were still used to help explain the validity of 

the RTR.  

 It is because of this concurrent nested methodological approach that the results 

strongly indicate that indexical visuals prompt more perceived risk and less perceived 

uncertainty than its non-indexical counterparts.  Of course, the caveat is that this 

theoretical finding only holds true when certain risk parameters are present, such as, a 

short term, known risk requiring immediate action like a tornado.  Further, the indexical 

image must provide proof of the risk.  There are many short-term, known risks that may 

require action such as other natural hazard events (hurricanes, flash floods, etc.), or health 

related events (food recalls, disease outbreaks, smoking cessation programs, etc.).  

Whether or not indexicality proves the risk in each of these contexts is unknown at this 

time.  In fact, recall some of the risk studies on smoking cessation programs.  One study 

showed that a photo of a smoking person’s lung was too distressing (Brown & Smith, 

2007) decreasing risk perception and may have caused defensive processing (Mendolia, 

1999).  But, syntactic indeterminacy may offer an explanation; the image does not prove 

that their lung looks like that image.  To understand the extent of the external validity of 

the results, boundary searches should be conducted to test the generalizability of these 

findings.  As noted in a few studies (McGrath & Brinberg, 1983; Shapiro, 2002), one 
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study provides knowledge, but testing where the findings holds and fails provides 

generalizability.  

Practical Implications 

 Given the limitations and concerns about this study’s generalizability, care should 

be taken when interpreting the results for practical implications.  Further research is 

necessary to understand whether these visual effects are seen more broadly in risk 

communication, or if it is context specific.  The results for the meteorological context do, 

however, suggest some practical recommendations. 

 First, this study shows that showing photographs or live video coverage of the 

confirmed risk can increase perceived risk and lower perceived uncertainty.  If available 

and credible, photographs or video should be shown as part of a severe weather 

broadcast.  As was noted in Chapter 4, it can be challenging to know the difference 

between a real or fake photograph, though researchers are working on ways to reduce this 

mistake (Gupta, Lamba, Kumaraguru & Joshi, 2013; Livingston, 2013).  Showing 

unreliable or inaccurate photographs could risk the trust between the broadcaster and 

audience.  Confirming credibility of the photograph or live video may be vital to maintain 

trust and high perceptions of risk. 

 Second, if photographs and/or live video coverage of the confirmed risk are 

available, this study suggests that emphasizing efficacy messages further increases 

perceptions of risk.  Broadcasters should emphasize and repeat behavioral messages, such 

as where to take shelter, to those in harm’s way.  Messages must be as specific as 

possible ((Drabek, 1969; Mileti & O’Brien, 1992; Perry & Greene, 1982, Quarantelli, 

1984; Sorensen, 1982, 2000), which includes providing geographic specificity in 
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combination with efficacy messages.  Audiences need to know where the warning applies 

to (Mileti & Sorensen, 1990), and subsequently, what action to take.  

 This study is not suggesting that radars do not provide value to severe weather 

coverage.  To the contrary, without radars and their underlying mapping system, 

broadcasters would not be able to communicate the town, city, or roadway that is closest 

to the impending risk, which is necessary information in combination with efficacy 

messages.  The videos used in this study are not representative of all severe weather 

coverage, nor is the sample representative of the American public.  A similar study 

should be replicated in a geographic area that experiences more severe weather, such as 

Oklahoma.  Radar’s value could mean more to audiences in those areas. 

 This study does, however, show some concern for communicating tornado 

messages over radar in the Northeast, as photos are often not available due to terrain 

issues or the brevity of the tornado on the ground.  Broadcast meteorologists must depend 

on radar to convey the risk.  Threat, impact and efficacy messages had no differences on 

perceived risk or perceived uncertainty for non-indexical images.  But, given the 

importance of conveying the severity of the risk and providing efficacy messages in risk 

communication (Witte, 1992), broadcasters should still communicate behavioral 

messages often.  Additionally, although no differences were detected between the 

broadcaster’s language for indexical and non-indexical images, if a broadcaster wants 

their audience to take action, they may want to downplay, “It’s only Doppler indicated.”  

The concern is that if this phrase prompts an individual to feel they have insufficient 

information, they may seek additional confirmation of the risk, which may include 
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looking outside.  Further research is necessary to study how language interacts with non-

indexical images in this setting. 

Future Research  

 The complexity of this study and the uniqueness of the methodology employed 

have raised many questions about the generalizability and validity of this study.  On the 

one hand, this could be taken as a weakness of this study.  Or, alternatively, this study has 

provided an opportunity to expand the way the research community thinks about visuals 

and how visuals may be studied in the future.  In light of this opportunity, this section 

will outline the many areas that are ripe for future research.  

 Redundancy. Questions were raised about how the threat, impact and efficacy 

messages semantically related to each visual type.  Given that both visual types were 

present in the videos, a future study could test how these verbal messages pair up with 

each visual type individually.  Non-indexical radar images convey a threat of a tornado, 

not impacts, but yet the results showed no difference.  Future studies should focus on if 

there is a redundancy issue, and if so, what verbal messages do semantically relate. 

 Expert versus non-experts. Defining what visuals are indexical or not became 

largely embedded in audience perception.  Questions have been raised about whether 

radar images do indeed provide indexical proof for broadcast meteorologists, as they 

have the professional vision to interpret its meaning.  A similar study should be 

conducted with various levels of expertise.  That is, expertise can also be created through 

experience.  Since this study used student participants in the Northeast, a student 

population in Oklahoma or Alabama could produce very different results.  One way of 

describing this is do the effects of visual type change with climate areas?  Further, 
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meteorologists may also respond differently given their professional expertise.  Future 

research should look at how experience and formal education influences visual type 

effects.  

 Processing and information (in)sufficiency.  The literature states that when an 

individual has sufficient information they are less motivated and more likely to act 

(Trumbo, 1999).  The results of this study raised the question of whether or not non-

indexical images require more systematic processing because they may produce a gap in 

what the individuals knows and what they believe they need to know.  Future research 

should explore whether visual type influences systematic or heuristic processing, and 

further, should measure how visual type affects an individual’s perceived information 

sufficiency.  

 Efficacy.  Related to processing and information sufficiency is how an individual 

will behaviorally respond to visual type messages.  Building off the previous paragraph, 

future research needs to factor in a behavioral measure to risk media messages, 

specifically looking at the role of visual type.  Reaching a sufficient level of information 

makes an individual more likely to act.  The question becomes how does visual type 

influence this process?  Does one visual type lead more to action, or is it the combination 

of the two? 

 Visual heuristic.  Based on the results of indexicality prompting more perceived 

certainty, and non-indexicality prompting more perceived uncertainty, the question 

emerged whether or not this only occurs when the two are paired together, or if non-

indexical images always indicate some level of perceived uncertainty.  Future research 

should test visual types in isolation to see if similar findings result, or to determine 
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whether non-indexical images only prompt more perceived uncertainty when juxtaposed 

with indexicality.  

 Multidimensional measures using RTR.  One of the limitations of RTR is that it 

can only measure one variable at a time.  Risk perception is a multidimensional construct 

that was measured uni-dimensionally.  Future research should explore if there are ways to 

use RTR while employing a multidimensional construct.  For example, what if 

participants watched the same video 3 times with a cognitive break activity in between.  

Each new viewing could have a different variable.  Is it possible to combine the RTR 

questions in such a way as to create a multi-dimensional RTR construct?  

 Recommendations for future RTR studies on risk.  Based on the discussion of 

the limitations of this study, there are a number of recommendations that emerge to create 

a more valid study.  First, due to the uni-dimensional aspect of the dials, larger sample 

sizes are needed to measure multiple dependent variables and to ensure there are no 

statistical power issues.  Second, it is vital to pre-test the dial directions, and subsequently 

how the dependent variable is worded, to ensure high construct validity.  Lastly, a 

corresponding pre and post survey would complement the RTR to measure the overall 

effects of the video in connection with the real-time response, as well. 

Concluding thoughts 
 
 This study brought together 3 main areas of study.  First, it utilized a unique 

methodology to study visual effects.  Although there are many methods to study visual 

effects, real-time response, either through dials or psychophysiological response, is the 

only way to isolate visual effects as they happen.  Secondly, there are few studies that 

have focused on the effects of different types of visuals.  As Chapter 3 argues, there may 
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indeed be many ways to operationalize “types” of visuals, but this study begins to shed 

light on how different visual types may function in environmental contexts.  Lastly, as 

elaborated in Chapter 2 and Chapter 4, broadcast meteorology is a context rich with 

visuals, as well as a risk communication context that literally touches the lives of ever 

member of society.  Understanding how visuals function in this context will have a 

lasting impact on how broadcasters communicate severe weather risks. 

 The visual logic (Burry, 2012) analysis to frame Chapter 2 was very useful.  It 

helps reflect on what visual value scientists, or broadcast meteorologists, and audiences 

may see when looking at different visual types.  The analysis of visual performance 

allows us to understand how complicated it is to create the visuals, but also helps place 

the media environment in context.  Weather broadcasts are a performance - a 

performance that is live and reactionary for both the broadcast meteorologist and the 

audience.  Visual persuasion reflects, from a sociological point of view, why visuals may 

be so powerful through their aesthetic qualities and the credibility they may carry.  Visual 

logic was vital in developing the questions that framed this study.  

 However, visual logic falls short in its utility in the risk communication context.  

Within visual logic there is an emphasis on the role of the scientist – their backstage and 

front stage performance; how they view the value and subsequently how they use this 

value to persuade their audience.  Although there are references to an audience and an 

underlying understanding that an individual has characteristics that may influence the 

entirety of visual logic, there is less of an emphasis on the power of the audience to 

unravel the visual logic.  Audiences may see a different value, not understand the 

performance, or not feel persuaded to act.  Indeed, the aesthetics and credibility of the 
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radar image pales in comparison to the power of a photograph of a tornado on the ground, 

which was reflected through the perceptions of risk and uncertainty.  Thus, although 

visual logic is an excellent framework in which to think about science visuals, two visual 

logics are necessary to understand the transactional effects of visual type in a risk 

context.  Broadcast meteorologists and their audiences may see, perform, and feel 

persuaded differently.  This study was not an analysis of one visual logic, but of a 

transactional view of how broadcasters react to visuals through linguistic analysis, as well 

as how individuals respond through the real-time response.  From this point of view, this 

study was not one visual logic, but an analysis of a “visual logic squared.”   

 The underlying goal of this study was to contribute to the visual risk research in 

response to recent articles calling for case studies and testing of uncertainty visual 

techniques (Bostrom, Anselin, & Farris, 2008; Spiegelhalter, Pearson, & Short, 2011).  

Although this study did not measure the effects of specific uncertainty visual techniques, 

it did take a step back to understand how perceptions of uncertainty vary based on 

indexical and non-indexical images.  The findings of this study emphasize that indexical 

visuals convey certainty, whereas non-indexical images in comparison convey 

uncertainty.  Much of the uncertainty risk literature has looked at numerical or non-

indexical images alone, but perhaps these findings indicate that a comparison of indexical 

and non-indexical images may be another technique to communicate uncertainty.   

 Further, researching why photographs convey certainty may help to design 

techniques that convey the opposite.  That is, what are the aesthetic qualities of photos 

that convey certainty, and are there ways to design these qualities in reverse to convey 

uncertainty?  Bostrom, Anselin, and Farris (2008) conclude that “Research is needed to 
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design and test alternative ways to communicate risk and uncertainty for low-probability 

high-consequence events.  Additional testing would be helpful to enrich our knowledge 

about perception in relation to visualization techniques” (p. 36).  Focusing on the visual 

logic of indexical images may spark new ideas on communicating risk and uncertainty 

with non-indexical images. 

 One final reflection is on the state of visual communication theory in general.  As 

is visible in the literature, visual effects take on many characteristics depending on the 

context studied, variables tested, and verbal messages associated with them.  As a 

scholarly community, we must take care to describe the visuals used in studies to allow 

for more theoretical comparisons of studies.  As mentioned in this study, understanding 

the findings of some studies in relations to what visuals were used were quite 

challenging, as many articles do not describe the visuals in detail nor attach them as an 

appendix or figure.  If this community is to advance visual theory, then including 

adequate descriptions of visuals in articles is critically important.  Even with this in place, 

though, visuals appear to take on so many attributes that having advanced, grand theory 

may not be an attainable goal.  As a scholarly community, however, we must continue to 

explore and expand visual knowledge to perhaps reach a mid-range theoretical 

understanding.  
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Table 1. Number of segments per participant for perceived risk group 

ID Number Session ID Number of 

Segments 

1 A 451* 

4 B 551 

9 C 548 

11 D 549 

15 E 553 

16 E 553 

23 F 543 

24 F 543 

26 G 538 

32 G 538 

33 G 538 

35 H 541 

40 H 541 

41 H 541 

 Average segments: 544.38 

*One video didn’t work, which accounts for the lower 
amount of segments. 
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Table 2. Number of segments per participant for perceived uncertainty group 

ID Number Session ID Number of 

Segments 

3 B 551 

7 B 551 

10 D 549 

14 E 553 

17 E 553 

19 F 543 

22 F 543 

25 G 538 

27 G 538 

28 G 538 

34 H 541 

36 H 541 

37 H 541 

 Average segments: 544.62 
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Table 3. Count and means of visual type by textual code for perceived uncertainty. 
 

 Estimatesa 
VisType TextCode Count Mean Std. 

Error 
df 95% Confidence Interval 

Lower 
Bound 

Upper 
Bound 

Indexical Threat 325 40.32 6.18 12.64 26.94 53.70 
Impact 1768 35.57 6.11 12.08 22.27 48.87 
Efficacy 377 32.48 6.17 12.54 19.11 45.85 
Other 832 36.41 6.12 12.22 23.09 49.72 

Non-
Indexical 

Threat 611 44.62 6.14 12.32 31.29 57.95 
Impact 299 45.42 6.18 12.70 32.03 58.81 
Efficacy 52 45.75 6.61 16.55 31.78 59.72 
Other 455 48.80 6.15 12.44 35.45 62.15 

 a. Dependent Variable: Response. 
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Table 4. Count and means of visual type by textual code for perceived risk. 
 
 

 Estimates 
VisType TextCode Count 

 
Mean Std. 

Error 
df 95% Confidence Interval 

Lower 
Bound 

Upper 
Bound 

Indexical Threat 341 71.94 4.21 14.03 62.91 80.96 
Impact 1856 74.90 4.14 13.13 65.97 83.84 
Efficacy 401 79.50 4.20 13.86 70.49 88.51 
Other 885 75.49 4.16 13.35 66.53 84.45 

Non-
Indexical 

Threat 628 60.68 4.17 13.52 51.70 69.66 
Impact 303 59.31 4.22 14.17 50.26 68.35 
Efficacy 52 59.66 4.66 20.97 49.97 69.34 
Other 462 56.95 4.19 13.74 47.95 65.95 
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Table 5. Pairwise comparisons of Text Code by Visual Type for Perceived Uncertainty 
 

Pairwise Comparisonsa 
TextCode (I) 

VisType 
(J) 
VisType 

Mean 
Difference 

(I-J) 

Std. 
Error 

df Sig.c 95% Confidence 
Interval for 
Differencec 

Lower 
Bound 

Upper 
Bound 

Threat Indexical Iconic -4.30* 1.27 4699 0.00 -6.79 -1.82 
Iconic Indexical 4.30* 1.27 4699 0.00 1.82 6.79 

Impact Indexical Iconic -9.85* 1.16 4699 0.00 -12.11 -7.59 
Iconic Indexical 9.85* 1.16 4699 0.00 7.59 12.11 

Efficacy Indexical Iconic -13.27* 2.73 4699 0.00 -18.63 -7.92 
Iconic Indexical 13.27* 2.73 4699 0.00 7.92 18.63 

Other Indexical Iconic -12.40* 1.08 4699 0.00 -14.51 -10.29 
Iconic Indexical 12.40* 1.08 4699 0.00 10.29 14.51 

Based on estimated marginal means 
*. The mean difference is significant at the .05 level. 
a. Dependent Variable: Response. 
c. Adjustment for multiple comparisons: Bonferroni. 
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Table 6. Pairwise comparisons of Text Code by Visual Type for Perceived Risk. 
 
 

Pairwise Comparisonsa 
TextCode (I) 

VisType 
(J) 
VisType 

Mean 
Difference 

(I-J) 

Std. 
Error 

df Sig.c 95% Confidence 
Interval for 
Differencec 

Lower 
Bound 

Upper 
Bound 

Threat Indexical Iconic 11.26* 1.05 4907 0.00 9.21 13.31 
Iconic Indexical -11.26* 1.05 4907 0.00 -13.31 -9.21 

Impact Indexical Iconic 15.60* 0.97 4907 0.00 13.71 17.49 
Iconic Indexical -15.60* 0.97 4907 0.00 -17.49 -13.71 

Efficacy Indexical Iconic 19.85* 2.29 4907 0.00 15.35 24.34 
Iconic Indexical -19.85* 2.29 4907 0.00 -24.34 -15.35 

Other Indexical Iconic 18.54* 0.89 4907 0.00 16.79 20.29 
Iconic Indexical -18.54* 0.89 4907 0.00 -20.29 -16.79 

Based on estimated marginal means 
*. The mean difference is significant at the .05 level. 
a. Dependent Variable: Response. 
c. Adjustment for multiple comparisons: Bonferroni. 
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Table 7. Pairwise comparisons of Text Code within Visual Type for Perceived 
Uncertainty 
 
 

Pairwise Comparisonsa 
VisType (I) 

TextCode 
(J) 
TextCode 

Mean 
Difference 

(I-J) 

Std. 
Error 

df Sig.c 95% Confidence 
Interval for 
Differencec 

Lower 
Bound 

Upper 
Bound 

Indexical Threat Impact 4.75* 1.12 4699 0.00 1.81 7.69 
Efficacy 7.84* 1.40 4699 0.00 4.15 11.53 
Other 3.91* 1.21 4699 0.01 0.72 7.10 

Impact Threat -4.75* 1.12 4699 0.00 -7.69 -1.81 
Efficacy 3.09* 1.05 4699 0.02 0.33 5.86 
Other -.84 0.78 4699 1.00 -2.89 1.21 

Efficacy Threat -7.84* 1.40 4699 0.00 -11.53 -4.15 
Impact -3.09* 1.05 4699 0.02 -5.86 -0.33 
Other -3.93* 1.15 4699 0.00 -6.95 -0.90 

Other Threat -3.91* 1.21 4699 0.01 -7.10 -0.72 
Impact .84 0.78 4699 1.00 -1.21 2.89 
Efficacy 3.93* 1.15 4699 0.00 0.90 6.95 

Non-
indexical 

Threat Impact -.80 1.30 4699 1.00 -4.24 2.64 
Efficacy -1.13 2.67 4699 1.00 -8.17 5.91 
Other -4.18* 1.14 4699 0.00 -7.20 -1.17 

Impact Threat .80 1.30 4699 1.00 -2.64 4.24 
Efficacy -.33 2.78 4699 1.00 -7.66 6.99 
Other -3.38 1.38 4699 0.08 -7.01 0.25 

Efficacy Threat 1.13 2.67 4699 1.00 -5.91 8.17 
Impact .33 2.78 4699 1.00 -6.99 7.66 
Other -3.05 2.70 4699 1.00 -10.19 4.08 

Other Threat 4.18* 1.14 4699 0.00 1.17 7.20 
Impact 3.38 1.38 4699 0.08 -0.25 7.01 
Efficacy 3.05 2.70 4699 1.00 -4.08 10.19 

Based on estimated marginal means 
*. The mean difference is significant at the .05 level. 
a. Dependent Variable: Response. 
c. Adjustment for multiple comparisons: Bonferroni. 
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Table 8. Pairwise comparisons of Text Code within Visual Type for Perceived Risk. 
 

Pairwise Comparisonsa 
VisType (I) 

TextCode 
(J) 
TextCode 

Mean 
Difference 

(I-J) 

Std. 
Error 

df Sig.c 95% Confidence 
Interval for 
Differencec 

Lower 
Bound 

Upper 
Bound 

Indexical Threat Impact -2.97* 0.92 4907.00 0.01 -5.39 -0.55 
Efficacy -7.57* 1.15 4907.01 0.00 -10.59 -4.54 
Other -3.56* 0.99 4907.01 0.00 -6.17 -0.94 

Impact Threat 2.97* 0.92 4907.00 0.01 0.55 5.39 
Efficacy -4.60* 0.86 4907.01 0.00 -6.86 -2.34 
Other -.59 0.64 4907.02 1.00 -2.27 1.09 

Efficacy Threat 7.57* 1.15 4907.01 0.00 4.54 10.59 
Impact 4.60* 0.86 4907.01 0.00 2.34 6.86 
Other 4.01* 0.94 4907.00 0.00 1.54 6.48 

Other Threat 3.56* 0.99 4907.01 0.00 0.94 6.17 
Impact .59 0.64 4907.02 1.00 -1.09 2.27 
Efficacy -4.01* 0.94 4907.00 0.00 -6.48 -1.54 

Non-
Indexical 

Threat Impact 1.37 1.09 4907.01 1.00 -1.50 4.24 
Efficacy 1.02 2.25 4907.01 1.00 -4.90 6.95 
Other 3.73* 0.95 4907.01 0.00 1.21 6.24 

Impact Threat -1.37 1.09 4907.01 1.00 -4.24 1.50 
Efficacy -.35 2.34 4907.00 1.00 -6.51 5.82 
Other 2.36 1.15 4907.00 0.24 -0.68 5.39 

Efficacy Threat -1.02 2.25 4907.01 1.00 -6.95 4.90 
Impact .35 2.34 4907.00 1.00 -5.82 6.51 
Other 2.70 2.28 4907.00 1.00 -3.30 8.71 

Other Threat -3.73* 0.95 4907.01 0.00 -6.24 -1.21 
Impact -2.36 1.15 4907.00 0.24 -5.39 0.68 
Efficacy -2.70 2.28 4907.00 1.00 -8.71 3.30 

Based on estimated marginal means 
*. The mean difference is significant at the .05 level. 
a. Dependent Variable: Response. 
c. Adjustment for multiple comparisons: Bonferroni. 
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Table 9. Variables from the LIWC analysis. 
 
Variable type Mean Std. 

Deviation 
Std. Error 
Mean 

t df Sig. 

WC Indexical 13.92 7.56 0.72 -2.59 145 0.01 
  Non-

Indexical 
17.70 8.04 1.32      

WPS Indexical 13.38 7.64 0.73 -2.78 145 0.01 
  Non-

Indexical 
17.49 8.19 1.35      

Sixltr Indexical 13.96 10.76 1.03 0.80 145 0.43 
  Non-

Indexical 
12.37 9.59 1.58      

Dic Indexical 81.18 13.31 1.27 -1.74 145 0.75 
  Non-

Indexical 
85.35 10.05 1.65      

Numerals Indexical 0.67 2.39 0.23 0.33 145 0.75 
  Non-

Indexical 
0.52 2.59 0.43      

funct Indexical 54.78 12.12 1.16 -1.75 145 0.08 
  Non-

Indexical 
58.78 11.76 1.93      

pronoun Indexical 16.05 9.43 0.90 -1.06 145 0.29 
  Non-

Indexical 
17.98 10.13 1.67      

ppron Indexical 7.95 7.36 0.70 -1.33 145 0.19 
  Non-

Indexical 
9.81 7.28 1.20      

i Indexical 0.75 3.12 0.30 -1.25 145 0.21 
  Non-

Indexical 
1.50 3.24 0.53      

we Indexical 4.66 6.25 0.60 -1.66 145 0.21 
  Non-

Indexical 
6.69 6.87 1.13      

you Indexical 2.43 5.49 0.52 0.81 145 0.10 
  Non-

Indexical 
1.62 4.38 0.72      

they Indexical 0.11 0.81 0.08 0.82 145 0.41 
  Non-

Indexical 
0.00 0.00 0.00      

ipron Indexical 8.10 8.28 0.79 -0.05 145 0.96 
  Non-

Indexical 
8.17 7.48 1.23      

article Indexical 6.43 6.49 0.62 -0.07 70 0.95 
  Non-

Indexical 
6.50 5.72 0.94      

verb Indexical 14.11 7.90 0.75 -1.35 145 0.18 
  Non-

Indexical 
16.04 6.14 1.01      
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auxverb Indexical 8.51 6.33 0.60 -0.09 145 0.93 
  Non-

Indexical 
8.62 6.17 1.01      

past Indexical 1.04 3.75 0.36 0.07 145 0.95 
  Non-

Indexical 
0.99 2.47 0.41      

present Indexical 12.23 7.88 0.75 -1.07 145 0.29 
  Non-

Indexical 
13.78 6.86 1.13      

future Indexical 0.21 1.13 0.11 -0.75 145 0.46 
  Non-

Indexical 
0.38 1.33 0.22      

adverb Indexical 8.16 7.28 0.69 0.42 145 0.67 
  Non-

Indexical 
7.58 7.04 1.16      

preps Indexical 14.26 7.76 0.74 -0.15 145 0.88 
  Non-

Indexical 
14.47 7.19 1.18      

conj Indexical 4.76 6.32 0.60 -0.82 81 0.41 
  Non-

Indexical 
5.58 4.78 0.79      

negate Indexical 0.44 2.11 0.20 -1.04 51 0.31 
  Non-

Indexical 
0.95 2.73 0.45      

quant Indexical 1.81 3.92 0.37 0.38 145 0.71 
  Non-

Indexical 
1.55 2.87 0.47      

number Indexical 0.23 1.19 0.11 0.27 145 0.79 
  Non-

Indexical 
0.17 1.03 0.17      

social Indexical 7.90 8.43 0.80 -0.77 145 0.45 
  Non-

Indexical 
9.11 7.79 1.28      

family Indexical 0.11 1.19 0.11 0.58 145 0.56 
  Non-

Indexical 
0.00 0.00 0.00      

humans Indexical 0.06 0.60 0.06 0.58 145 0.56 
  Non-

Indexical 
0.00 0.00 0.00      

affect Indexical 2.64 5.15 0.49 0.26 145 0.79 
  Non-

Indexical 
2.40 3.97 0.65      

posemo Indexical 1.24 3.29 0.31 -0.46 145 0.65 
  Non-

Indexical 
1.53 3.36 0.55      

negemo Indexical 1.40 3.84 0.37 0.91 145 0.36 
  Non-

Indexical 
0.78 2.66 0.44      

anx Indexical 0.04 0.41 0.04 -0.68 145 0.50 
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  Non-
Indexical 

0.10 0.61 0.10      

anger Indexical 0.43 2.47 0.24 1.81 109 0.07 
  Non-

Indexical 
0.00 0.00 0.00      

sad Indexical 0.61 2.63 0.25 0.46 145 0.65 
  Non-

Indexical 
0.39 2.35 0.39      

cogmech Indexical 11.73 10.31 0.98 -1.18 82 0.24 
  Non-

Indexical 
13.62 7.73 1.27      

insight Indexical 0.55 2.23 0.21 0.71 145 0.48 
  Non-

Indexical 
0.27 1.64 0.27      

cause Indexical 0.41 2.07 0.20 0.03 145 0.48 
  Non-

Indexical 
0.40 1.37 0.22      

discrep Indexical 1.41 3.21 0.31 -0.47 145 0.64 
  Non-

Indexical 
1.70 3.46 0.57      

tentat Indexical 3.04 5.26 0.50 0.78 145 0.44 
  Non-

Indexical 
2.32 3.57 0.59      

certain Indexical 0.72 2.32 0.22 0.63 145 0.53 
  Non-

Indexical 
0.46 1.59 0.26      

inhib Indexical 0.21 1.26 0.12 -0.85 145 0.40 
  Non-

Indexical 
0.46 2.16 0.35      

incl Indexical 5.25 6.37 0.61 -1.25 145 0.21 
  Non-

Indexical 
6.71 5.37 0.88      

excl Indexical 1.99 4.68 0.45 -0.63 145 0.53 
  Non-

Indexical 
2.53 3.86 0.63      

percept Indexical 4.20 5.53 0.53 -1.51 75 0.49 
  Non-

Indexical 
6.78 9.88 1.62      

see Indexical 3.60 4.99 0.48 -1.48 43 0.15 
  Non-

Indexical 
6.03 9.57 1.57      

hear Indexical 0.47 1.86 0.18 0.17 145 0.87 
  Non-

Indexical 
0.41 1.42 0.23      

feel Indexical 0.13 1.36 0.13 -0.70 145 0.49 
  Non-

Indexical 
0.34 2.05 0.34      

bio Indexical 0.12 0.99 0.09 0.72 145 0.47 
  Non-

Indexical 
0.00 0.00 0.00      
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body Indexical 0.12 0.99 0.09 0.72 145 0.47 
  Non-

Indexical 
0.00 0.00 0.00      

relativ Indexical 23.52 14.25 1.36 1.18 145 0.24 
  Non-

Indexical 
20.41 12.55 2.06      

motion Indexical 2.32 4.96 0.47 0.69 145 0.49 
  Non-

Indexical 
1.72 3.23 0.53      

space Indexical 16.83 11.94 1.14 1.04 145 0.30 
  Non-

Indexical 
14.49 11.56 1.90      

time Indexical 4.62 5.47 0.52 0.38 79 0.71 
  Non-

Indexical 
4.29 4.25 0.70      

work Indexical 0.81 2.93 0.28 -0.27 145 0.79 
  Non-

Indexical 
0.96 2.81 0.46      

achieve Indexical 0.56 2.98 0.28 -1.06 145 0.29 
  Non-

Indexical 
1.18 3.38 0.56      

leisure Indexical 0.16 1.28 0.12 0.14 145 0.89 
  Non-

Indexical 
0.13 0.78 0.13      

home Indexical 0.96 4.45 0.42 0.74 145 0.46 
  Non-

Indexical 
0.41 1.42 0.23      

money Indexical 0.04 0.45 0.04 -0.83 38 0.41 
  Non-

Indexical 
0.27 1.64 0.27      

assent Indexical 1.33 3.54 0.34 0.74 145 0.46 
  Non-

Indexical 
0.87 2.28 0.38      

nonfl Indexical 0.03 0.27 0.03 -1.60 38 0.12 
  Non-

Indexical 
0.30 1.04 0.17      
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a.)  

b.)  

c.)  

d.)  

Figure 1. Examples of indexical (a.) Fracking, c.)Tornado) and non-indexical (b.) 
Fracking, d.) Tornado) images. 
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Figure 2. Interaction effect for perceived risk between visual type and video context. 
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Figure 3. Interaction effect for perceived uncertainty between visual type and video 

context. 
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Figure 6. Differences between visual type and text code for perceived uncertainty.
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Figure 7. Differences between visual type and text codes for perceived risk 
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Figure 8.  The multimethod approach to isolating visual effects of video media messages. 
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Appendix A 
 

Coding Definitions 

(0) Threat messages are defined as a message that conveys a potential risk to an 

audience. The message may focus on the potential severity, i.e., “There could be 

damaging winds associated with this storm.”  Messages of threat include some level of 

uncertainty using words such as may, could, potentially, or there’s concern for some risk, 

or I’m not sure.  It also includes any mention to National Weather Service (NWS) alerts 

or warnings, or descriptions such as “rotation” or “lowering of clouds.”  It describes a 

pending situation.  Threat messages are similar to Witte’s (1992) severity of threat except 

that these messages of threat convey uncertainty of the severity.  

 

(1) Impact messages are defined as a message that conveys something happening right 

now. It’s urgent and certain.  For example, “It is hailing as we speak.”  “It is pouring right 

now.” “We can see the horizontal rain.” “There’s debris.”  The risk is certain, but 

characteristics such as geography can have some uncertainty. For example, “Tornado on 

the ground roughly near the interstate, but it’s hard to pinpoint location,” is still an impact 

message. 

 

(2) Efficacy messages are defined as a message that conveys some type of action in 

response to a risk.  The message is a recommended action to protect the audience from an 

impact.  For example,  “Take shelter now.” “Move away from exterior walls or 

windows.”  “Get in your bathtub.” 
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(3) “Other” messages are everything else that is not threat, impact or efficacy.  These 

messages could include fixing software or video problems, talking to the news director, 

or describing something in vague, non-specific terms. It could also be marked as 

“silence,” as in there was nothing said during that time period. 

 

Witte, K. (1992). Putting the fear back into fear appeals: The extended parallel process model. 
Communications Monographs, 59(4), 329-349. 
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Appendix B – Background on Mixed Models 
 
Overview 

 Mixed models are a statistical analysis to study change over time using some type 

of longitudinal data (Singer & Willett, 2003) often referred to as repeated measures.  A 

mixed model differs from a generalized linear model in a few distinct ways.  First, 

missing data is treated differently due to their structure.  GLM utilizes an unstacked 

format (see Figure 1), whereas the mixed model uses a stacked structure (see Figure 2).  

In Figure 1, if a participant has any missing data, their data is deleted from the analysis.  

This means that all of Participant B is deleted.  In the stacked at data set in Figure 2, 

participant data is still used even if a data point is missing. 

 
Figure 1. GLM unstacked data  

ID Gender Time 1 Time 2 Time3 
Participant A M 50 62 75 
Participant B F 50 55 - 
 
Figure 2. Mixed Model stacked data 

ID Gender Time Value 
Participant A M 1 50 
Participant A M 2 62 
Participant A M 3 75 
Participant B F 1 50 
Participant B F 2 55 
Participant B F 3 - 
 
 These methods become very important in repeated measure trials where a 

participant may not have an observation for a specific trial.  In this study, because we had 

to sync the timing of the software and the play/stop function on the DVD player, not all 

of the videos stopped at exactly the same time.  Thus, there is missing data toward the 

end of the videos for some participants.  In the GLM case, these participants would have 

been deleted, whereas in the mixed model, their data is included. 
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 Additionally, time-varying data are easier to include in the stacked data set.  For 

example, in Figure 1, if age were included in the table, then you would need 3 variables 

for it:  Age@1, Age@2, and Age@3. In the stacked model, it is easier to add another 

time-varying variable in the column to describe each time point.  In this study, there were 

only fixed, time-varying variables, such as visual type and the textual code.  These 

variables did change depending on the time, but they were fixed in that they remain the 

same for each participant. 

 Another major difference between GLM and mixed models is that mixed models 

allow you to specify a covariance structure.  This is extremely important when the data 

points are not independent.  There is no set covariance structure for each dataset.  That is, 

the researcher must make a decision based on the theoretical understanding of the data 

and a good fit.  For example, in my study, the observations are clearly autocorrelated in 

some fashion.  Using a covariance structure of auto-regressive1 (AR1) would make 

sense, as it assumes observations close together are highly correlated with observations 

taken further apart are less so.  Compound symmetry, on the other hand, assumes 

constant variance and covariance, which means that all of the observations are equally 

correlated. There are many other kinds including identity, diagonal, unstructured, etc.  To 

determine the best-fit structure, you simply test your model with the structures that make 

the most theoretical sense, and then see how it “fits” your model.  In this case, AR1 was 

not the best-fit correlation structure.  This may mean that with this data the points that are 

far apart are still correlated.  
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