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Executive Summary 
 

This project sought to determine the optimized message contents of imminent threat wireless emergency alert 

(WEA) messages delivered over mobile communication devices. This report presents findings for the first WEA 

messages disseminated about imminent threats (i.e., first alert messages) from two research phases with U.S. 

adults: (1) eight experiments, seven focus groups and 50 think-out-loud interviews; and (2) a survey of an actual 

ñreal worldò severe flood in Boulder, Colorado. It also integrates findings from across study methods and 

provides actionable guidance and considerations for optimized message contents of imminent one-hour-to-

impact threat alerts delivered over mobile communication devices. 

 

Primary conclusions from the research performed to date are: 

 

1. Short alert and warning messages are unlike any others. The optimized order of their contents is unique; their 

limited length constrains public understanding of the message source. It is not immediately clear for some 

recipients whether the message is meant for them; the key content elements of guidance (describing what to do 

and how to do it) and hazard (describing why they should do it) cannot be adequately communicated; and short 

messages cannot overcome peopleôs pre-event hazard-specific perceptions. Hence, the short messages in use 

today require verification by the recipient before they are motivated for protective action taking.  

 

2. There are pathways forward to optimize todayôs wireless emergency alert messages. An alternative order of 

message contents could be put into practice; message sources of a particular kind could be selected; and a public 

education and marketing campaign about the WEA service could be conducted. 

 

3. The projectôs findings provide concrete insights to help imagine optimized WEA and warning messages that 

could exist in the future. These messages would not rely on information provided by others, but would instead 

be sufficient to motivate public protective action-taking on their own. In addition to putting into practice an 

alternative order of message contents, selecting message sources of a particular kind, and conducting a public 

education and marketing campaign about the WEA service, the optimized messages of the future could also 

include high information maps, indicate more precisely by what time people should begin taking recommended 

protective actions, and allow for longer message lengths. 

 

Key findings from the research reported here suggest that:  

1. Order of message contents. A different order for the content contained in 90-character WEA messages may 

improve public response outcomes. WEA messages currently use the following order: hazard, location, time, 

guidance and source. An alternative order had an advantage in improving the public outcomes tested: source, 

guidance, hazard, location and time. Although this alternative order only had a statistically weak advantage over 

the current WEA message content order, if put into practice, the effect of the revised order could be substantial 

considering how many more people in a population at risk might be inclined to take action in response to the 

revised order. The qualitative research provided support for this optimized message order for 140-character 

messages; however, it does not appear to transfer to 1,380-character messages for which the optimized order 

seems to be source, hazard, guidance, location and time. 

 

2. Message source. Source in 90-character messages had a statistically significant effect on some sense making 

public response outcomes including interpretation (understanding, believing and deciding) and personalization, 

and, hence, likelihood of protective action-taking. Quantitative and qualitative findings also suggest that local 

and recognizable sources might be the most productive sole source to name in a WEA message, but further 

research is needed to confirm these conclusions. Findings, however, do more conclusively suggest that if a sole 
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source named in a WEA message is not recognizable to the public, then a vigorous public education and 

marketing campaign would be worthwhile. Quantitative findings also suggest that there may not be a single sole 

source that works for all WEA messages. The same conclusions were reached based on qualitative 

investigations of 140- and 1,380-character messages. 

 

3. Map inclusion. High information map inclusion (specifying the areas affected, areas not affected and the 

receiverôs location) in 90-character messages had a statistically significant and positive effect on public 

response outcomes including interpretation and personalization, and, hence, could have a positive effect on 

protective action-taking. Inclusion of a low information map (specifying the areas affected and not affected, but 

not the receiverôs location) had the opposite effect. The results of the qualitative research indicated that 

inclusion of a high information map improved most participantsô understanding, belief and risk personalization 

across all message lengths. The community survey confirmed the relationship between receiving maps and 

increased personalization. These findings suggest that there certainly would be a benefit from adding a high 

information map to a WEA message. Doing so could help the public interpret and personalize the worded 

message, which could move more people at risk to take protective action. 

 

4. Relative importance of content elements. Guidance and hazard message content elements played key roles 

compared to other message content elements (location, time and source) in facilitating the sensemaking 

outcomes of interpretation (understanding, believing and deciding) and personalization. They also reduced 

milling (causing delay in taking a protective action). Hence, they have a positive effect on public alert and 

warning responses. The additional quantitative and qualitative findings affirm and provide a possible 

explanation for these findings: Perhaps placing guidance and hazard up front in a 90-character WEA message 

optimized outcomes because they are the most important content elements. These findings suggest that the core 

content of a public alert and warning is: Tell people exactly what to do (guidance), describe why they should do 

it (hazard) and by when (time). Those who prepare future public alert and warning messages might consider 

emphasizing these content topics, but not to the exclusion of the others. 

 

5. Generalizing across hazard types. Short 90- and 140-character messages were substantially less effective than 

1,380-character messages at helping people overcome their pre-conceived perceptions about different hazards 

and likely would be less effective at guiding people to take protective actions appropriate to the risk they face in 

an actual event. In this study, the content elements of 1,380-character messages have standardized effects on 

outcomes regardless of hazard type (generalized across hazards). However, 90- and 140-character messages did 

not. Shorter messages do not appear to contain sufficient information to help people overcome their 

preconceptions about different hazards based on their personal experience, perceived risk and knowledge, 

which likely will not match the event they face. Hence, short messages appear to offer substantially less value to 

effectively manage public alert and warning response than longer messages. 

 

6. Message length efficacy. The scientific evidence assembled led to the conclusion that messages that are 1,380 

characters appear to produce optimized interpretation, personalization and milling outcomes, and would likely 

yield maximized public protective action-taking behavior. Shorter messages that are 90 and 140 characters 

appear less effective at guiding people toward protective action-taking. However, 90-character WEAs are 

rapidly distributed and quickly reach a large percentage of at-risk populations, as found in our community event 

survey. What is likely the case is that people need to be provided with sufficiently detailed information about 

exactly what steps to take to protect themselves, and the number of characters needed to accomplish this likely 

varies across hazards. Therefore, consideration should be given to increasing the character limit of WEAs to a 

length that could optimize protective action-taking and technology constraints.       

 

7. Inclusion of a uniform resource locator (URL). Consideration should be given to including a URL in wireless 

emergency alert and warning messages of any length. Doing so would be consistent with the long-standing 
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historical observation that people who are warned engage in a search for additional information before taking a 

protective action, and this was reinforced in our focus group research. Findings from our community event 

survey also indicated that those who received a message with a URL had a shorter delay (i.e., less milling) 

before beginning to check media compared to those who did not receive a message with a URL. Delay time 

before avoiding flood areas also was shorter for those who received one or more messages containing a link 

(compared to those who did not).  

 

8. Familiarity with the WEA service. Continued outreach and education about the WEA service may help to 

speed the rate at which members of the general public read and respond to WEA messages. Findings from the 

community event survey suggest that some members of the public who receive WEA messages do not read 

them immediately when they are delivered. Survey findings further suggest that, when received and read, WEA 

messages can be effective at reaching and motivating immediate protective action-taking among a portion of the 

general public. For example, community event survey results reveal that about a third of the population had 

been checking local media prior to the issuance of the first WEA message, with an increase to almost 50 percent 

within the first 15 minutes following the message delivery. 

 

9. Understanding of acronyms. The public may have little or no understanding of many of the acronyms used in 

WEA messages. Hence, consideration should be given to modifying the system to discontinue the use of 

acronyms, educate the public about their meaning or increase the message length to allow for full text 

descriptions rather than acronyms. There may be unique exceptions. For example, the acronym NWS, which 

stands for the National Weather Service, may be more familiar to the public, as found in our community event 

survey. 

 

10. How to best express time. The way WEA messages express time may confuse the public. Currently, WEA 

messages express time by stating when the message expires so that such messages do not persist in perpetuity. 

However, expressing time this way is confusing, and potentially life threatening. If time is expressed in WEA 

messages with language about the time a message expires, consideration also should be given to communicating 

the time a message ñbeginsò (without increasing message length) to reduce public confusion. For example, if 

the words ñnowò or ñimmediatelyò are used, would capitalizing all the letters in those words help to 

communicate that the message is already in effect when people receive it? Would providing concrete times 

when people should begin taking protective action help communicate urgency even more effectively? 

 

11. How to best express location. Given the 90-character limit of current WEA messages, the phrase ñin this 

areaò does not effectively work to communicate who is and who is not located within the risk area. For 

example, more than a quarter of WEA message recipients from our community event survey did not think that 

the message was meant for them. Furthermore, each WEA disseminated message that states ñin this areaò but 

does not apply to the individual receiving the message may train message receivers that the phrase ñin this areaò 

may not apply to them. The effectiveness of current WEA messages may remain suppressed until they can be 

distributed to finer geospatial targeted populations so that messages only reach the people who are at risk. 

Results show that including maps that delineate the area at risk and the individualôs location relative to the area 

of risk is more effective at increasing personalization of risk than using the phrase ñin this area;ò however, we 

do not yet know how to best communicate in a WEA message who is and who is not at risk. Examples include 

impact area maps, finer grained distribution or the use of longer text messages that allow description of the risk 

area. 

 

12. Optimum level of fear arousal. Alert and warning messages elicit a wide range of varied emotional 

responses. Although, we could not clarify the impact of fear and other emotions on public alert and warning 

response based on the Phase II experiments and focus groups, the community survey data allowed for testing 

the relationship between the level of fear and behavioral outcomes. Findings showed that there is no 
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relationship between level of fear and the amount of delay before respondents initiated checking local media 

and avoiding flood areas. Messages that are crafted specifically to maximize fear may not be effective in 

motivating protective actions. The role emotions may play in making sense of and responding to public alerts 

and warning messages remains unclear. 

 

13. Understanding of alert and warning concepts. The public may not understand basic alert and warning 

concepts. Messages should not rely on the assumption that the public understands terms such as shelter, 

evacuate and proceed to higher ground. Alert and warning messages that are short and contain emergency 

response recommendations may mean different things to different people who receive the message. For 

example, survey respondents who reported receiving a WEA message and hearing outdoor warning sirens 

ranged widely in what they thought proceed to higher ground meant. For messages that are longer than 90 and 

140 characters, basic alert and warning concepts should be described to the extent possible. Short 90- and 140-

character messages may work fine for events whose impact is not imminent. 

 

14. Visualization. Visual stimuli including bullets, bolding, iconography (source logo or seal, for example), 

indentation, font size, color, italics, etc., might influence WEA message interpretation and subsequent message 

response. Additionally, so might the character of audible tones that indicate the arrival of a message. Sound, 

color, size, shape and style could all potentially influence WEA message interpretation and subsequent 

response, but it is not yet known how. 

 



 

7 

  

 

1. Background 
 

This project sought to determine the optimized message contents of imminent threat alert and warning 

messages delivered over mobile communication devices through qualitative and quantitative research. The 

key project focus was on ñfirst alertò messages delivered as wireless emergency alerts (WEA) messages 

over mobile communication devices such as cell phones. In practice, multiple WEA messages can be 

delivered across a drawn out warning event. Nevertheless, our prime research focus matched the general 

intention of the system to view WEA messages as first alerts for imminent one-hour-to-impact threats.  

 

This research sought answers to six primary research questions: 

 

1. What is the optimized order for the contents of alert and warning messages? 

 

2. Is there an optimized source for alert and warning messages? 

 

3. Are there public perception and response gains from including a map with alert and warning messages? 

 

4. What is the relative importance of the content elements in alert and warning messages, e.g., do some 

content elements matter more than others? 

 

5. Do alert and warning message conclusions generalize across hazard types or do different communication 

principles apply for different hazards? 

 

6. Do different lengths of alert and warning messages have different levels of outcome effectiveness? 

 

In addition, this research sought answers to seven add-on research questions, which were generated during the 

project workshop of agency representatives, academic researchers and practitioners held in Washington, D.C. in 

November 2012. They were:  

 

1. Would there be a benefit from including a URL in Wireless Emergency Alert (WEA) messages? 

 

2. How familiar are people with WEAs? 

 

3. Do people understand the acronyms that are currently included in WEAs? 

 

4. How might time best be expressed in a WEA message? 

 

5. How might location best be expressed in a WEA message? 

 

6. Is there an optimum level of fear arousal in public recipients of messages? 

 

7. How well do people understand the alert and warning concepts used in messages? 
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To answer all questions, three different message lengths were investigated:  

 

¶ 90-character messages were the prime message length investigated since this is the message length 

delivered over todayôs WEA service. WEAs identify (1) the type of hazard, (2) the time and location, (3) 

the severity of the hazard and (4) what action to take.  

 

¶ 140-character messages were also investigated because these are possible today using social media 

(e.g., Twitter), and they may be possible using the WEA service in the near-term future.  

 

¶ 1,380-character messages were investigated since messages of this length are possible today in the 

description and instruction fields of Emergency Alert System (EAS) messages, and they may be possible 

using the WEA service in the distant future. 

 

The remaining sections of this report: (1) provide a brief literature review to contextualize our research; (2) 

describe our research methods; and (3) present findings directly followed by conclusions and future research 

recommendations.  

 

2. Literature Review 
 

Below we provide a brief literature review to provide context for each of the research questions investigated. 

 

Message content order. Like others (Mileti & Sorensen, 1990), we did not locate any research in the public 

record on the effect of the order of different information provided in alert and warning messages. We sought to 

fill this void with experiment 1 by seeking to determine whether order of the information contained in a 90-

character WEA message made any difference, and, if so, what message content order optimized message 

outcomes. There was little basis for knowing the exact impact of message order on the sense making process; 

however, we suspected that message content order might influence message interpretation and possibly 

personalization. For example, if specific guidance is presented before the hazard rather than after, the message 

might be perceived as more personal. We determined optimized message order by observing outcomes across 

six messages with varied content orders: (1) the WEA message content order that is currently used in practice of 

hazard, location, time, guidance and source; (2) hazard, location, guidance, time and source; (3) guidance, time, 

hazard, location and source; (4) source, hazard, location, time and guidance; (5) source, guidance, hazard, 

location and time; and (6) guidance, hazard, location, time and source (see Appendix B, messages 1-6).  

 
Message source. Historical research evidence exists on the impact of varied alert and warning message sources 

on public perception and protective action response; for example, that a set of mixed sources rather than a sole 

source work best (Lindell & Perry, 1987; Stephens, Barrett, & Mahometa, 2013), official vs. unofficial sources 

are better (Mileti & Darlington, 1995; Quarantelli, 1980), and sources that are familiar are more effective 

(Perry, Lindell, & Greene, 1981; Vihalemm, Kiisel, & Harro-Loit, 2012; Wray et al., 2008). Hence, we 

anticipated that source might influence the sense making process by influencing message understanding and 

believing (i.e., interpretation), personalization and milling. However, we were unable to find publicly available 

research on which single source might maximize outcomes when messages are limited to 90 characters, and 

including multiple sources is not possible. Experiment 1B was designed to determine whether naming a single 

source in a 90-character WEA message optimized public outcomes. The single sources examined were: (1) the 

Orange County Fire Authority (OCFA), (2) the California Emergency Management Agency (Cal EMA), (3) the 

Wireless Emergency Alert system (WEA), (4) the U.S. Centers for Disease Control and Prevention (CDC) and 

(5) the Department of Homeland Security (DHS) (see Appendix B, messages 1 and 7-10).  
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Map inclusion. General research on how people interpret maps has been conducted, but little research has been 

done on how maps included in an alert or warning message might impact outcomes (Dransch, Rotzall, & Poser, 

2010; Hagemeier & Wagner, 2009; Mills & Curtis, 2008). We anticipated that the inclusion of maps, with a 

more specific map being better, would facilitate personalization. Experiment 1C was conceived to enable us to 

compare the relative outcomes of 90-character WEA messages with: (1) no maps, (2) low information maps 

(maps that identify the location of the risk, but not of the location of the person receiving the message) and (3) 

high information maps (indicating the affected and unaffected areas and marking the receiverôs location, see 

Appendix C, see Appendix B for test messages 1, 11, and 12).  

 

Relative importance of content elements. Historical research supports the conclusion that there are five key 

topics to include in an alert and warning message to enhance public response outcomes. These are:  

¶ Source (Drabek & Boggs, 1968; Lindell & Perry, 1987; Mileti & Beck, 1975; Mileti & Darlington, 

1995; Stephens, Barrett, & Mahometa, 2013; Sellnow et al., 2012; Vihalemm, Kiisel, & Harro-Loit, 

2012; Wray et al., 2008);  

¶ Guidance (Drabek, 1999; Mayhorn & McLaughlin, 2012; Mileti & Fitzpatrick, 1992; Sorensen, 1991); 

¶ Hazard (Drabek, 1999; Mallett, Vaught, & Brnich, 1993; Neuwirth, Dunwood, & Griffin, 2000; Sellnow 

et al., 2012; Wray et al., 2008);  

¶ Location (Drabek, 1999; King & Cook, 2008; Mileti & Fitzpatrick, 1992); and 

¶ Time (Sorensen, Shumpert, & Vogt, 2004). 

 

These are the same topics covered in WEA messages with one exception. Time in the research literature refers 

to when people at risk should begin or complete taking a protective action, while time in a WEA message refers 

to when the message expires. However, research has not yet determined if one or some of these topics are more 

important than others are. Experiment 2 was conceived to explore the relative importance of these five WEA 

message content topics from a public outcomes viewpoint. This was done by comparing outcomes for a 

message that contained all topics to messages that sequentially excluded one topic at a time. Optimized (based 

on the results of experiments 1, 2 and 3) 1,380-character messages were tested because longer messages would 

help to accentuate the absence of content in the experiment (see Appendix B for test messages 13-18).  

 

Generalizing across hazard types. The research record is populated with studies of public response to alert 

and warning messages across different hazards. Examples include:  

¶ Acts of terrorism such as the World Trade Center Towers on 9/11 (Averill et al., 2005);  

¶ Natural hazards like: 

¶ Floods (Drabek & Boggs, 1968; Mileti & Beck, 1975), 

¶ Hurricanes (Haas, Cochrane, & Eddy, 1977),  

¶ Tornadoes (Comstock & Mallonee, 2005),  

¶ Tsunamis (Lachman, Tatsuoka, & Bonk, 1961),  

¶ Volcanoes (Saarinen & Sell, 1985), and even 

¶ Earthquake Forecasts (Mileti & OôBrien, 1992);  

¶ Technological events such as the accident at Three Mile Island (Cutter & Barnes, 1982);  

¶ Biological agents (Wray et al., 2008);  

¶ Chemical agents (Vogt & Sorensen, 1999); and  
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¶ Building fires (Kuligowski et al., 2012). 

 

Pre-event risk perception can influence how people make sense of an alert or warning message (Mileti & 

OôBrien, 1992; Perry, Greene, & Mushkatel, 1983; Sharma, Patwardhan, & Parthasarathy, 2009; Windham et 

al., 1977). Pre-event risk perception is highest for radiation and lower for shooter and tsunami.  

 

Pre-event hazard knowledge also influences alert and warning message sense making (Glik et al., 2004; Haas, 

Cochrane, & Eddy, 1977; Lehto & Miller, 1986; Villegas et al., 2013). Pre-event knowledge about the hazard 

and protective actions are higher for shooter and tsunami and lower for radiation.  

 

Environmental cues also influence alert and warning message sense making (Averill et al., 2005; Flynn, 1979; 

Mack & Baker, 1961; Rogers & Nehnevajsa, 1987). Radiation is invisible while shooters are not, and the 

tsunami type investigated would lack environmental cues until its arrival. 

 

Experience also impacts alert and warning message sense making (Breznitz, 1984; Comstock & Mallonee, 

2005; Donner, Rodriguez, & Diaz, 2007; Haas, Cochrane, & Eddy, 1977; Huang et al., 2012; University of 

Oklahoma Research Institute, 1953; Mileti & OôBrien, 1992). Although it was unlikely that experimental 

subjects had experience with any of the selected study hazards, all three hazards have occurred relatively 

recently and were followed by extensive media coverage such that experimental subjects might have had varied 

exposures to the stories reported. 

 

Three hazards were selected for experimental comparisons: radiological, shooter and tsunami. These hazards 

were sufficient to generate variation in key non-message characteristics that can influence the message outcome 

factors under investigation as follows. Experiments 5, 6 and 7 were designed to test whether significant 

relationships between message content topics (source, guidance, hazard, location and time) and outcome types 

(interpretation, fright, personalization, lament and milling) were the same, respectively, for 90-, 140- and 1,380-

character messages across different hazard types. A finding of no significant statistical differences would 

indicate that messages influence outcomes the same way regardless of message length or hazard type.  

 

Three observations from this research record are salient for experiments 5, 6 and 7. First, observed public 

responses can widely vary across events within and across hazard types. For example, the number of people 

who engage in ñshadow evacuationò (safe people who evacuate) can be high (Ziegler & Johnson, 1984) or low 

(U.S. Fire Administration, 1987). Second, the content topics of alert and warning messages that influence public 

outcomes are the same across hazard and event types (Mileti & Sorensen, 1990). Third, strong alert and warning 

messages in terms of adequately stated source, guidance, hazard, location and time overshadow the effects of 

non-message factors that can also influence public response, e.g., gender, race and ethnicity, experience, pre-

event risk perception and knowledge, and more (Mileti & Sorensen, 1990). 

 

Message length efficacy. Publicly available general research on how the character length of alert and warning 

messages impact public perception and response behavior does not exist. General communication practice 

suggests that shorter is better, but practice based on merchandizing and consumer sales may not transfer to 

communitywide alerts and warnings. Historical research on public alert and warning response suggests that 

messages that provide people with sufficient details about what to do, how to do it and why they should do it, 

work best (Mileti & Sorensen, 1990) at motivating protective action-taking. Given the arrival of mobile alerts 

and warnings, an investigation of the role that message length plays on public response outcomes is timely. 

 

Inclusion of a URL. Ever since the initial discovery (Drabek & Boggs, 1968; Drabek, 1969) that people who 

receive alert and warning messages typically engage in a search for additional information to confirm 

information and to make sense out of the situation, milling has been empirically documented to precede public 

protective action-taking (Ball-Rokeach, 1973; Griffin, Dunwoody, & Neuwirth, 1999; Hodler, 1982; Mileti & 
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Darlington, 1997; Quarantelli, 1984; Turner & Killian, 1987). A logical extension of this tendency in todayôs 

world of wireless emergency alerts and warnings was to determine if referring people to a URL would facilitate 

the natural human tendency to mill, but to do so electronically, seemed worthwhile.  

 
Familiarity with the WEA service. The research record on public response to alert and warning messages has 

repeatedly found that pre-event knowledge about a hazard, about a protective action and about the alerts and 

warning messages that could one day be received is significantly related to protective action behavior (Glik, 

Harrison, Davoudi, & Riopelle, 2004; Haas et al., 1977; Lehto & Miller, 1986; Villegas et al., 2013). 

Consequently, an investigation of peopleôs familiarity with the relatively new WEA service was deemed 

important. 

 
Understanding acronyms. Understanding or attaching personal meaning to the contents of an alert or warning 

message has long been demonstrated in the research record to be a key intervening factor that links a message 

with protective action-taking. Studies that document the effect of message content and style factors on 

understanding include: Lachman et al. (1961); McGee & Gow (2012); Mikami & Ikeda (1985); and Quarantelli 

(1984). Studies that document the effect of non-message factors on understanding include: Diggory (1956); 

Nehnevajsa (1985); and Oliver & Reardon (1982). Studies that document the effect of understanding on 

protective action-taking behavior include: Hammarstrom-Tornstam (1977); McGee & Gow (2012); and Perry 

(1982). Since WEA messages require that acronyms are used to identify the source of the message, an 

investigation of peopleôs understanding of those acronyms was conducted. 

 
How to best express time. A synthesis of the research record on public response to alerts and warnings reveals 

that time is an important message element, along with others. Time is part of providing an at-risk public with 

adequate guidance. A reasonable synthesis of what research concludes on this topic is: tell people what they 

should do to maximize their health and safety, exactly how to do it, by when they should begin and complete the 

protective action (or time), and link the protective action to a basic human value, e.g., evacuate to keep your 

family safe (Drabek 1999; Mayhorn & McLaughlin, 2012; Mileti & Fitzpatrick, 1992; Sorensen, 1991). Since 

time is part of the required content of WEA alerts, an investigation of how it might be best expressed was 

conducted. 

 
How to best express location. A general conclusion from the historical research record is that alert and 

warning messages work to foster public protective action response if they provide information about exactly 

who should and who should not take the protective action in terms that the public can readily understand, e.g., 

the physical geographical boundaries for the location where people who need to take protective action are 

located (Drabek, 1999; King & Cook, 2008; Mayhorn & McLaughlin, 2012; Mileti & Fitzpatrick, 1992). Such 

information could be expressed in words or by use of a map that people can understand that visualizes who 

should take action to help people determine if they are at risk or not (Dransch, Rotzoll, & Poser, 2010; 

Hagemeier-Klose & Wagner, 2009). This research record led to an investigation of how to best express location 

in WEAs. 

 

Understanding of alert and warning concepts. As stated previously, understanding or attaching personal 

meaning to the contents of an alert or warning message has long been demonstrated in the research record to be 

a key intervening factor that links a message with protective action-taking. Studies that document the effect of 

message content and style factors on understanding include: Lachman et al. (1961); McGee & Gow (2012); 

Mikami & Ikeda (1985); and Quarantelli (1984). Studies that document the effect of non-message factors on 

understanding include: Diggory (1956); Nehnevajsa (1985); and Oliver & Reardon (1982). Studies that 

document the effect of understanding on protective action-taking behavior include: Hammarstrom-Tornstam 

(1977); McGee & Gow (2012); and Perry (1982). Therefore, public understanding of the basic alert, warning 

and response concepts used in WEA message were assessed.  
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Optimum level of fear arousal. Emotions are often described as either positive (e.g., happiness, relief, 

compassion, hope) or negative (e.g., fear, anger, sadness, anxiety). Due to their unique adaptive functions, it is 

necessary to talk about discrete emotions when addressing the topic of emotion (Nabi, 2002a). Alerts and 

warnings inherently deal with issues of risk and crisis, and the four primary negative emotions in risk and crisis 

are fear, anger, sadness and anxiety (Janoske, Liu, & Sheppard, 2012; Jin, 2009; Jin & Pang, 2010). Little 

existing research exists on how emotions impact public alert and warning response. A brief overview of 

emotions research on other topics follows.  

 

Fear. This refers to the amount of fear that might arise among message recipients when a situation is 

threatening to their physical or psychological selves and is out of their control (Frijda, 1986; Lazarus, 1991; 

Scherer, 1984). Relatively little research has been conducted on fear responses to warning messages, with 

existing studies focused on fear in health warning messages (Kees, Burton, Andrews, & Kozup, 2006, 2010; 

Timmers & van der Wijst, 2007; Witte, 2013). This research suggests that the effectiveness of fear-based 

messaging is context-dependent and varies among groups and individuals (Sellnow et al., 2012). However, a 

meta-analysis of empirical research suggests that strong fear appeals are more persuasive than low or weak fear 

appeals, which leads to greater fear arousal (Witte & Allen, 2000). Additionally, strong fear-based messages 

produce the greatest behavior change when combined with high-efficacy messages (Witte & Allen, 2000).  

 

Anger. Research shows that while anger-inducing messages are not always effective, they can reduce certain 

risk perceptions, reduce negative risk estimates and motivate people to take action (Lazarus, 1993; Lerner, 

Gonzalez, Small, & Fischoff, 2003; Turner, 2007). 

 

Sadness. When unintentionally evoked, sadness has demonstrated a positive correlation in attitude change and 

motivates careful information processing (Dillard & Peck, 2000; Nabi, 2002b). 

 

Anxiety. Anxiety arousal results from uncertainty, which results in people looking for concrete, immediate 

solutions to the threat (Jin, 2010; Lazarus, 1991).  

 

Mixed emotions. Research has also explored mixed emotional appeals and responses (Brehm, 1999; Brehm & 

Miron, 2006). Mixed sequential (negative/positive) emotional messages have been found to generate lower 

post-message discomfort than purely negative messages (Carrera, Munoz, & Caballero, 2010). Additionally, 

mixed emotion messages motivate participants to control the danger, but a purely negative message involves a 

higher probability of risk behavior performance (Carrera, Munoz, & Caballero, 2010).  
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3. Research Methods 
 

Methods for the experiments, think-out-loud interviews, focus groups and community survey follow. The table 

below presents which methods answered each research question. 

Research Questions Experiments 

Think -out-loud 

Interviews 

Focus 

Groups Survey 

Is there an optimized message content order? V V V  
Is there an optimized single source? V V V V 
Would a map optimize outcomes? V  V V 
Does some message content matter most? V V V V 
Do the findings generalize across message 

lengths? 
V V V  

Do longer messages work better? V V V  
Would including a URL be useful?  V V V 
How familiar are people with WEAs?  V V V 
How well do people understand acronyms?  V V V 
How is time best expressed in a WEA?  V V V 
How is location best expressed in a WEA? V V V V 
Is there an optimal level of fear arousal? V V V V 
Do people understand words like ñwarningò 

and ñshelter?ò 
 V V V 

3.1 Quantitative Experiments 

To answer the primary research questions, one laboratory and seven Internet experiments were conducted as 

follows from June-September 2013. 

 

Participant selection. For the Internet experiments (N=2,012), volunteer samples were drawn from 

SurveyMonkey, which generated online survey audience panels of individuals recruited for experiment 

participation in exchange for ñpointsò in a no cash, point system of rewards, including sweepstakes and 

merchandise.1  

 

For the laboratory experiment (N=155), the CSU Fullerton Social Science Research Center (SSRC) recruited 

participants from local community organizations by using flyers. Flyers were distributed via email, regular 

postal mail and in person. Interested individuals contacted the SSRC by telephone to set up an interview 

appointment on campus. Quotas were used to achieve relative balance in terms of gender and race/ethnicity. 

                                                           
1 The panels included a diverse group of individuals who have Internet access and have joined the SurveyMonkey program to take 

surveys. Eligible panel members were invited by email to participate, and invitations were sent to ensure representation and provide 

general balance in terms of gender,  race and ethnicity. Given that the tested messages were about hypothetical disasters occurring in 

California, participants were drawn largely from within the state so that the hazards would be familiar and the messages would be 

salient. 
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To be eligible to participate in this study, individuals had to be: (1) 18 years of age or older; (2) U.S. residents; 

(3) English speakers; (4) identify as African American, Asian, Latino, White or Other; and (5) have a working 

cell phone. Descriptions of key sample characteristics for all experiments are presented in Table 6 (see 

Appendix E). General methods, including the questionnaire, were identical for both the online and face-to-face 

data collection approaches. The online and laboratory experiments were conducted June-September 2013. 

 

Questionnaire. Standard questionnaire items used in prior research2 were used when they existed and there was 

evidence that the items had performed well. In some cases, existing items were adapted to the particular context 

of the project (see Appendix D for examples of the questionnaire used in the experiments).  

 

Questionnaire pre-test and pilot test. The research team pre-tested (N=54) the online questionnaire to identify 

any potential problems with programming, skip rules and question flow, and minor corrections were made. The 

final online questionnaire also was pilot tested (N=21) to ensure that the participant selection, screening items 

and randomization were all correctly programmed, and no changes were made to the questionnaire following 

the pilot test. For the face-to-face experiment, study procedures were pilot tested with the first 23 participants 

recruited. No changes were made following the pilot, and these data were included as final experimental data.  

 

Outcome variable measures. The six outcomes variables were operationalized as follows.  

 

Understand. Understanding was measured by asking subjects to rate their level of agreement with statements in 

three different questions. The first question asked subjects to rate their level of agreement using a six-point 

scale, where 1 represented ñstrongly disagreeò and 6 represented ñstrongly agree,ò with the following statement: 

ñThe message helped me understand what to do.ò The second question asked subjects to rate their level of 

understanding using a six-point scale, where 1 represented ñdo not understand at allò and 6 represented ñfully 

understand,ò with seven statements. The question stem was, ñAfter reading this message, I understand:ò The 

seven statements rated were: ñWhat happened,ò ñThe risks,ò ñWhat to do to protect myself,ò ñWhat location is 

affected,ò ñWho the message is from,ò ñWhen I am supposed to take action to protect myself,ò and ñHow long 

am I supposed to continue taking action to protect myself.ò The third question asked subjects to rate their level 

of understanding using a six-point scale, where 1 represented ñdo not understand at allò and 6 represented ñfully 

understand,ò by asking the question ñHow well do you understand the message?ò 

 

Belief. For all experiments, belief was measured by asking subjects ñAfter reading this message, do you believe 

thatéò This question was followed by three items: ñRadiation is headed your way,ò ñYou should immediately 

take shelter,ò and ñSheltering will make you safer.ò Answers were rated using a six-point scale where 1 

represented ñdo not believeò and 6 represented ñbelieve.ò Experiment 3, which involved two additional hazard 

types, used the same question structure and the following items for the active shooter hazard: ñA shooter is in 

the mall,ò ñYou should immediately take shelter,ò and ñSheltering will make you safer.ò The following items 

were used for the tsunami hazard: ñA tsunami is headed your way,ò ñYou should immediately evacuate,ò and 

ñEvacuating will make you safer.ò 

 

Personalize. Personalizing was measured by asking subjects, ñHow likely are each of the following statements? 

If I received this message on my cell phone, I would think thatéò This question was followed by seven items: 

ñI might become injured,ò ñPeople I know might become injured,ò ñPeople I donôt know might become 

injured,ò ñI might die,ò ñPeople I know might die,ò ñPeople I do not know might die,ò and ñThe message was 

                                                           
2 See, for example, Gutteling, J. M. (1993). A field experiment in communicating a new risk: Effects of the source and a message 

containing explicit conclusions. Basic and Applied Social Psychology, 14(3), 295-316.; Kim, H. J., & Cameron, G. T. (2011). 

Emotions matter in crisis: The role of anger and sadness in the publicsô response to crisis news framing and corporate crisis response. 

Communication Research, 38(6), 826-855; Lindell, M. K., & Perry, R. W. (2012). The protective action decision model: Theoretical 

modifications and additional evidence. Risk Analysis, 32(4), 616-632.  
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meant for me.ò Answers were rated using a six-point scale where 1 represented ñnot very likelyò and 6 

represented ñvery likely.ò 

 

Decide. Deciding was measured by informing subjects to: ñUse the scale below to answer yes or no. You may 

use any number on the scale.ò This was followed by four items: ñThe message will help me decide what to do,ò 

ñIt will be easy to decide what to do,ò ñI will be able to decide what to do quickly,ò and ñI can decide what to 

do with confidence.ò Answers were rated using a six-point scale where 1 represented ñnoò and 6 represented 

ñyes.ò 

 

Emotion. Emotions were measured by asking subjects to rate their agreement with the statement, ñThis 

message made me feeléò This stem was followed by twelve emotions: ñscared,ò ñtense,ò ñconfused,ò 

ñshocked,ò ñnervous,ò ñsad,ò ñoutraged,ò ñterror-struck,ò ñanxious,ò ñfearful,ò ñangry,ò and ñsympathetic.ò All 

twelve answers were rated on six-point scales where 1 represented ñnot at allò and 6 represented ñextremely.ò 

These twelve emotions were presented to subjects in random order. 

 

Milling. Milling was measured by asking subjects the following three questions: ñHow likely would you be to 

look for additional information about what happened before taking action?ò ñHow likely would you be to look 

for additional information about what to do before taking action?ò and ñHow likely would you be to tell other 

people about the need to take action?ò Answers were rated using a six-point scale where 1 represented ñvery 

unlikelyò and 6 represented ñvery likely.ò 

 

Analytical approach. The data analysis approach was designed to articulate differences in experimental 

outcomes. This was important because experiments 1 and 3 contained only slight variation in the experimental 

factors being manipulated.  

 

First, exploratory and confirmatory factor analysis was used to create composite outcome scores for multiple 

indicators of each outcome construct.  

 

Then, non-promising experimental alternatives were eliminated through multiple cross tabulation tables. These 

tables were reviewed to distinguish, where appropriate, between experimental alternatives that showed promise 

as an optimized message candidate (for example, did one message order produce better outcomes when 

compared to other message orders and to the current content order for WEA messages?) to be subjected to 

further test. 

 

Third, regression analysis was used to predict each of the measures for the outcome factors under investigation 

using the most promising optimization alternatives discerned in step two. Relationships were classified as 

significant (p Ò .05), near significant (.05 < p Ò .10) and not significant (.10 < p Ò 1.0).3  

 

Finally, the statistically significant relationships from step three were examined using multiple regression 

controlling for subject selection criteria variables. This was done to determine if relationships discerned in the 

prior step still held while controlling for subject selection factors. Relationships were classified as significant (p 

Ò .05), near significant (.05 < p Ò .10) and not significant (.10 < p Ò 1.0).  

 

Outcome scale construction for experiments 1, 2 and 3. Exploratory and confirmatory factor analysis was 

conducted to guide scale construction (N = 777). Factor analysis in SPSS (Principal Axis Factoring and 

Varimax rotation) was used to assess whether the items reliably represented a single construct. Scree plot and 

                                                           
3 Given the very slight changes in the test messages that were compared, a near significant result takes on meaning. This is precisely 

the situation in which one would consider a near significant result as important information (Warner, 2013, pp. 86-89).  
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eigenvalues were examined to determine the maximum number of possible factors for the potential items. 

Factor loadings were assessed and items that cross-loaded across factors were dropped. Five factors were 

extracted. These were: (1) interpret, (2) fright, (3) personalize, (4) lament and (5) mill. The coefficient alpha 

values ranged from .85 to .96. Skewness ranged from -1.13 to 0.32. Kurtosis ranged from -0.78 to 0.80. 

Descriptive statistics for the five factors are presented in Table 7 (see Appendix E), and the scales were 

operationalized as follows.  

 

Interpret.  Fourteen measures of three constructs (understand, believe and decide) merged together to form the 

factor labeled ñinterpret.ò This included all nine outcome measures for understand, one measure for believe 

(ñafter reading this message, do you believe that sheltering will make your safe?ò), and all four measures of 

decide. This composite factor was labeled as ñinterpretation.ò  

 

Fright.  Six emotion measures (tense, nervous, fearful, anxious, scared and shocked) merged into one factor. 

This composite factor was labeled as ñfright.ò  

 

Personalize. All seven measures of personalize (ñI might become injured,ò ñpeople I know might become 

injured,ò ñpeople I donôt know might become injured,ò ñI might die,ò ñpeople I know might die,ò ñpeople I do 

not know might die,ò and ñthe message was meant for meò) merged into one factor. The label ñpersonalizeò was 

retained.  

 

Lament. Three emotion measures (angry, outraged and sympathetic) merged into one factor. This composite 

factor was labeled as ñlament.ò  

 

Milling. Two measures of milling (seek information about what happened and seek information about what to 

do) merged into one factor. The label ñmillingò was retained.  

 

Dichotomous outcome variables. The interval rating scales were summed and anchored at 0, and then 

dichotomized based on a median split to simplify interpretation in cross tabulation analysis as follows: (1) 0=0-

38 and 1=39-70 for interpretation; (2) 0=0-20 and 1=21-30 for fright; (3) 0=0-22 and 1=23-35 for 

personalization; (4) 0=0 to 5 and 1=6-15 for lament; and (5) 0=0-8 and 1=9-10 for milling.  

 

Outcome scale construction for experiment 4. An exploratory and confirmatory factor analysis was run to 

guide scale construction. Factor analysis in SPSS (Principal Axis Factoring and Varimax Rotation) was used to 

assess whether the items reliably represented a single construct. Scree plot and eigenvalues were examined to 

determine the maximum number of possible factors for the potential items. Factor loadings were assessed and 

items that cross-loaded across factors were dropped. Six factors were extracted: (1) interpret-protective action, 

(2) interpret-risk, (3) fright, (4) personalize, (5) lament and (6) mill. The coefficient alpha values ranged from 

.81 to .95. Skewness ranged from -0.98 to 0.22. Kurtosis ranged from -0.76 to 0.47. Descriptive statistics for the 

six factors are presented in Table 7 (see Appendix E), and the scales were operationalized as follows. 

 

Interpret -protective action factor. Nine of the 16 outcome measures for understand, believe and decide 

merged into one factor. These nine measures were ñthe message helped me understand what to do,ò ñafter 

reading this message I understand what to do to protect myself,ò ñafter reading this message I understand when 

I am supposed to take action to protect myself,ò ñafter reading this message I understand how long I am 

supposed to continue taking action to protect myself,ò ñafter reading this message do you believe that sheltering 

will make you safer,ò ñthe message will help me decide what to do,ò ñit will be easy to decide what to do,ò ñI 

will be able to decide what to do quickly,ò and ñI can decide what to do with confidence.ò This composite factor 

was labeled as ñinterpretation-protective action.ò  
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Interpret -risk.  Three of the 16 outcome measures for understand, believe and decide merged into another 

factor. These three measures were after reading this message, I understand: ñwhat happened,ò ñthe risks,ò and 

ñwhat location is affected.ò Composite factor was labeled as ñinterpret-risk.ò 

 

Fright. Eight emotion measures (ñtense,ò ñnervous,ò ñfearful,ò ñterror-struck,ò ñanxious,ò ñscared,ò ñshockedò 

and ñconfusedò) merged into one factor. This composite factor was labeled as ñfright.ò  

 

Personalize. Eight measures (ñI might become injured,ò ñpeople I know might become injured,ò ñpeople I 

donôt know might become injured,ò ñI might die,ò ñpeople I know might die,ò ñpeople I do not know might 

die,ò ñthe message was meant for me,ò and ñafter reading this message do you believe that radiation is headed 

your wayò) merged into one factor. This factor was labeled as ñpersonalize.ò 

 

Lament. Three emotion measures (ñangry,ò ñoutragedò and ñsympatheticò) merged into one factor. This 

composite factor was labeled as ñlament.ò  

 

Milling.  Two of the three measures of milling (ñseek information about what happenedò and ñseek information 

about what to doò) merged into one factor. The label ñmillingò was retained. 

 

Dichotomizing outcome variables. The interval scales for the outcome constructs were summated, anchored at 

zero, and dichotomized based on a median split to simplify interpretation in cross tabulation analysis as follows: 

(1) 0=0-35 and 1=36-45 for interpretation of protective action; (2) 0=0-11 and 1=12-15 for interpretation of 

risk; (3) 0=0-27 and 1=28-40 for fright; (4) 0=0-27 and 1=28-35 for personalization; (5) 0=0-6 and 1=7-15 for 

lament; and (6) 0=0-7 and 1=8-10 for milling. 

 

Outcome scale construction for experiments 5, 6 and 7. An exploratory and confirmatory factor analysis 

(N=767) was run to guide scale construction. Factor analysis in SPSS (Principal Axis Factoring and Varimax 

Rotation) was used to assess whether the items reliably represented a single construct. Scree plot and 

eigenvalues were examined to determine the maximum number of possible factors for the potential items. 

Factor loadings were assessed and items that cross-loaded across factors were dropped. Five factors were 

extracted. These were: (1) interpret, (2) fright, (3) personalize, (4) lament and (5) mill. The coefficient alpha 

values ranged from .78 to .96. Skewness ranged from -0.77 to 0.38. Kurtosis ranged from -0.70 to 0.12. 

Descriptive statistics for the five outcomes are presented in Table 7 (see Appendix E), and the scales were 

operationalized as follows. 

 

Interpret.  The three outcome constructs of understand, believe and decide (and all 16 of their measures) 

merged into one factor. This composite factor was labeled as ñinterpretation.ò  

 

Fright.  Six emotion measures (ñtense,ò ñnervous,ò ñfearful,ò ñanxious,ò ñscaredò and ñconfusedò) merged into 

one factor. This composite factor was labeled as ñfright.ò  

 

Personalize. Six of the seven measures of personalize (ñI might become injured,ò ñpeople I know might 

become injured,ò ñpeople I donôt know might become injured,ò ñI might die,ò ñpeople I know might die,ò and 

ñpeople I do not know might dieò) merged into one factor. The label ñpersonalizeò was retained. 

 

Lament. Three emotion measures (ñangry,ò ñoutragedò and ñsympatheticò) merged into one factor. This 

composite factor was labeled as ñlament.ò  

 

Milling. Two of the three measures for milling (ñseek information about what happenedò and ñseek information 

about what to doò) merged into one factor. The label ñmillingò was retained. 
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Dichotomous outcome variables. The interval scales for the outcome constructs were summated, anchored at 

zero, and dichotomized based on a median split to simplify interpretation in cross tabulation analysis as follows: 

(1) 0=0-62 and 1=63-80 for interpretation; (2) 0=0-19 and 1=20-30 for fright; (3) 0=0-23 and 1=24-30 for 

personalization; (4) 0=0-5 and 1=6-15 for lament; and (5) 0=0-6 and 1=7-10 for milling. A series of cross 

tabulations were computed that juxtaposed outcomes against the test messages.  

 

Outcome scale construction for experiment 8. An exploratory and confirmatory factor analysis (N=155) was 

run to guide scale construction. Factor analysis in SPSS (Principal Axis Factoring and Varimax Rotation) was 

used to assess whether the items reliably represented a single construct. Scree plot and eigenvalues were 

examined to determine the maximum number of possible factors for the potential items. Factor loadings were 

assessed and items that cross-loaded across factors were dropped. Four factors were extracted. These were: (1) 

interpret, (2) fright, (3) personalize and (4) mill. The coefficient alpha values ranged from .65 to .93. Skewness 

ranged from -1.12 to -0.30. Kurtosis ranged from -0.91 to 0.46. Descriptive statistics for the five outcomes are 

presented in Table 7 (see Appendix E), and the scales were operationalized as follows.  

 

Interpret.  The two outcome constructs of understand and believe (all nine measures of understand and one 

measure of believe, ñAfter reading this message, do you believe that sheltering will make you safer?ò) merged 

into one factor. This composite factor was labeled as ñinterpretation.ò  

 

Fright. Seven emotion measures (ñtense,ò ñnervous,ò ñfearful,ò ñterror struck,ò ñanxious,ò ñscaredò and 

ñshockedò) merged into one factor. This composite factor was labeled as ñfright.ò  

 

Personalize. Six of the seven measures of personalize (ñI might become injured,ò ñpeople I know might 

become injured,ò ñpeople I donôt know might become injured,ò ñI might die,ò ñpeople I know might die,ò and 

ñpeople I do not know might dieò) merged into one factor. The label ñpersonalizeò was retained.  

 

Milling.  Two of the three measures for milling (ñseek information about what happenedò and ñseek information 

about what to doò) merged into one factor. The label ñmillingò was retained.  

 

Dichotomous outcome variables. The interval scales for the outcome constructs were summated, anchored at 

zero, and dichotomized based on a median split to simplify interpretation in cross tabulation analysis as follows: 

(1) 0=0-34 and 1=35-50 for interpretation; (2) 0=0-22 and 1=23-35 for fright; (3) 0=0-23 and 1=24-35 for 

personalization; and (4) 0=0-8 and 1=9-10 for milling. A series of cross tabulations were computed that 

juxtaposed outcomes against the test messages.  

 

Data analysis. Methods for data analysis, including the associated power calculations, for each research 

question studied in the experiments follow. 

 

Order of message contents. A series of cross tabulations was computed that juxtaposed dichotomous outcomes 

against the six message content orders: #1=the current WEA message content order used in practice of hazard, 

location, time, guidance and source; #2=hazard, location, guidance, time and source: #3=guidance, time, hazard, 

location and source; #4=source, hazard, location, time and guidance; #5=source, guidance, hazard, location and 

time; and #6=guidance, hazard, location, time and source. For the fixed model simple linear regression (1 

predictor) testing the R2 deviation from zero conducted for Experiment 1, to achieve a power of .80 for a 

medium effect size (.15) and alpha=.05, a sample size of N=55 was needed (actual N=218). For the fixed model 

multiple linear regression (5 predictors) testing the R2 deviation from zero, to achieve a power of .80 for a 

medium effect size (.15) and alpha=.05, a sample size of N=92 was needed (actual N=216). 

 

Message source. A series of cross tabulations was computed that juxtaposed dichotomous outcomes against the 

five tested sources. For the fixed model simple linear regression (1 predictor) testing the R2 deviation from zero 
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conducted for Experiment 1B, to achieve a power of .80 for a medium effect size (.15) and alpha=.05, a sample 

size of N=55 was needed (actual N=99). For the fixed model multiple linear regression (5 predictors) testing the 

R2 deviation from zero, to achieve a power of .80 for a medium effect size (.15) and alpha=.05, a sample size of 

N=92 was needed (actual N=97). 

 

Map inclusion. A series of cross tabulations was computed that juxtaposed outcomes against the three 

experimental map categories (no map, low information map and high information map). For the fixed model 

simple linear regression (1 predictor) testing the R2 deviation from zero conducted for Experiment 1C, to 

achieve a power of .80 for a medium effect size (.15) and alpha=.05, a sample size of N=55 was needed (actual 

N=202). For the fixed model multiple linear regression (5 predictors) testing the R2 deviation from zero, to 

achieve a power of .80 for a medium effect size (.15) and alpha=.05, a sample size of N=92 was needed (actual 

N=199). 

 

Relative importance of content elements. Two multiple regressions were conductedðone with and one 

without control variables. For the uncontrolled fixed model multiple linear regression (5 predictors) testing the 

R2 deviation from zero conducted for Experiment 2, to achieve a power of .80 for a medium effect size (.15) and 

alpha=.05, a sample size of N=92 was needed (actual N=468). For the fixed model multiple linear regression (9 

predictors) testing the R2 deviation from zero, to achieve a power of .80 for a medium effect size (.15) and 

alpha=.05, a sample size of N=114 was needed (actual N=464). 

 

Generalizing across hazard types. The influence of message content factors (source, guidance, hazard, 

location and time) on outcomes (interpretation, fright, personalization, lament and milling) across hazard types 

(i.e., radiological, shooter and tsunami) for 90-character messages (experiment 5) was assessed using optimized 

messages based on the results of experiments 1, 2 and 3 (see messages 19-21 in Appendix B). Respectively, the 

optimized messages for 140- and 1,380-character messages in experiments 6 and 7 are messages 22-24 (see 

Appendix B) and messages 13, 25 and 26 (see Appendix B).  

 

Two sets of multiple regressions were conductedðone with and one without control variables. For the fixed 

model uncontrolled linear regression (2 predictors) testing the R2 deviation from zero conducted for 

Experiments 5, 6 and 7, to achieve a power of .80 for a small to medium effect size (.10) and alpha=.05, a 

sample size of N=100 was needed (actual N=247, 253 and 267 for experiments 5, 6 and 7, respectively). For the 

fixed model multiple linear regression (6 predictors) testing the R2 deviation from zero, to achieve a power of 

.80 for a small to medium effect size (.10) and alpha=.05, a sample size of N=143 was needed (actual N=247, 

253 and 267 for experiments 5, 6 and 7, respectively). 

 

Message length efficacy. Two multiple regressions were conductedðone with and one without control 

variables. For the uncontrolled fixed model multiple linear regression (3 predictors) testing the R2 deviation 

from zero conducted for Experiment 4, to achieve a power of .80 for a medium effect size (.15) and alpha=.05, a 

sample size of N=77 was needed (actual N=155). For the fixed model multiple linear regression (9 predictors) 

testing the R2 deviation from zero, to achieve a power of .80 for a medium effect size (.15) and alpha=.05, a 

sample size of N=103 was needed (actual N=147). 
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3.2 Qualitative Think-Out-Loud Interviews and Focus Groups 

Six test messages (see Appendix F) for a radiological hazard event were presented to ñthink-out-loudò and focus 

group participants (N= 50, 17 male and 33 female), and their individual interpretations were recorded and 

analyzed. The map that was included in three of these test messages is provided (see Appendix G). The think-

out-loud interviews and focus groups were conducted at the University of Colorado Denver, July-August 2013. 

The University of Colorado Denverôs Clinical Research Support Center recommended recruitment via Denverôs 

Craigslist community volunteer page, and participants received a $50 Visa Gift Card for their time. The think-

out-loud and focus group sessions were audio recorded and transcribed. No personal identifiers were collected.  

 

Think -out-loud methods. Think-out-louds were conducted via telephone and lasted between 3 and 15 minutes 

each. Each participantôs think-out-loud test message corresponded to his or her subsequent focus group session. 

Participants were presented with a standardized context that approximated the one developed for the online and 

face-to-face quantitative experiments (e.g., ñYou are at home when you receive the following message on your 

cell phoneò). Prior to the focus group, each participant was simultaneously called on the telephone and emailed 

one of the optimized or non-optimized 90-, 140- or 1,380-character messages. These participants were 

instructed to read the message out loud and ñthink-out-loud,ò i.e., describe their thoughts as they interpreted, re-

read, questioned or puzzled over the message.  

 

Focus group methods. During the focus groups, optimized and non-optimized 90-, 140- or 1,380-character 

messages were presented to the participants. Several questions followed, in sequence, after each message was 

presented. In other words, participants discussed one message extensively before the second message was 

presented for consideration. Each message was presented on a handout given to participants.  

 

The focus group sessions were held at the University of Colorado Denver. Each focus group session included 6-

8 participants, and the duration averaged between 1.5 and 2 hours. A total of seven focus groups were 

conducted. Two messages were shown to each focus group: an ñoptimizedò and a ñnon-optimizedò version of a 

90-, 140- or 1,380-character message. The optimized messages were patterned after message #5 from the 

quantitative experiments because that message yielded the best outcomes. The non-optimized messages were 

patterned after the ñstandardò WEA content order. Within each pair of messages presented, the order of the 

messages shown to participants was reversed to avoid order effects and to add rigor to the focus group research. 

The seventh focus group was conducted with emergency management professionals who volunteered to 

participate after the community recruitment advertisement was posted to a statewide emergency management 

listserv. This focus group was conducted as a result of stakeholdersô suggestion to do so.  

 

For all five topics, probes focused on content elements including source, hazard, guidance, location and time, if 

participants did not raise these issues themselves. Conceptually and analytically, participantsô responses to these 

questions reflected their understanding of, belief in, and personalization of the message, as well as their 

decision-making processes and emotions. Table 2 summarizes the message presentation order for each focus 

group (see Appendix F). 

 

Transcription.  Think-out-loud and focus group sessions were audio recorded and subsequently transcribed by 

trained graduate research assistants based at the University of Maryland. Completed transcripts were reviewed 

for accuracy by simultaneously listening to the recording and re-reading the transcript. In the transcripts report, 

grammar was corrected only when necessary for readability. Punctuation was also added in some cases to 

promote readability.  

 

Data analysis. The analytical procedures employed for the focus groups, as well as the think-out-loud 

interviews, aligned with discourse analysis. In order to add additional rigor to our analysis, two graduate 
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research assistants independently coded a 3-page transcript segment using the coding sheet developed for this 

project (see Appendix I) and NVivo 10 qualitative data analysis software. We allowed for segments of 

discourse to exemplify multiple analytical categories where warranted. Once reviewed by the lead qualitative 

researcher, three additional graduate research assistants independently coded a transcript segment and were then 

shown the example. Once questions were resolved during this training exercise, the three graduate research 

assistants coded a portion of almost all of the transcripts. The projectôs lead qualitative researcher independently 

coded and analyzed all transcripts and relied on the graduate research assistant coding to check and verify 

interpretations and relationships. This ñground upò inductive approach allowed the project to capture 

unanticipated findings because it induced general themes and explanations from the data rather than merely 

using the data collected to test preexisting theory. However, no new categories were generated, thus confirming 

the experimental findings.  

3.3 Telephone Survey 

The survey was carried out by the Social Science Research Center at the California State University, Fullerton.4  

 

Population and sample. The study population and the two samples that were selected for study are described 

below. The September 2013 Colorado flood impacted many different communities. We limited the study 

population as follows: 

 

¶ Residents of the City of Boulder, Colorado; 

¶ Adults (18 years and older); 

¶ English speakers; and 

¶ Persons present in the city limits from 6:00 p.m. on Sept. 11, 2013 through midnight on September 12, 

2013 (this time period included the first public alert message issued through when most people would 

have taken a protective action). 

 

The population was estimated to be 100,000 people in size including University of Colorado students. 

 

Sample one: adult city residents (N=597). A sample was recruited to help answer the question as to what 

proportion of the general adult population received a WEA message. A sample size of 597 statistically 

represents a population of 100,000 at the 95% confidence level +/- a 4% confidence interval.  

 

Sample two: adult city residents who received a WEA message(s) (N=496). The primary sample for this 

study consisted of individuals who received the first WEA message over a mobile communication device. We 

estimated that this sub-population might be 5% of 100,000 or 5,000 people. A sample size of 496 statistically 

represents a population of 5,000 at the 95% confidence level +/- a 4.2% confidence interval. A total of 213 of 

the sample one general population respondents received a WEA message, and hence were included in the WEA 

sample. 

 

Sample selection. According to state-level estimates by Marketing Systems Group (MSG), one of the premier 

vendors of statistically sound telephone samples, 39.3% of households in the state of Colorado are wireless-only 

households, meaning these households do not have a landline telephone.5 According to data reported by the 

CDC in 2009, young adults (under 35 years old), Hispanics, renters and those with lower incomes are more 

                                                           
4 This survey group was selected because of its proximity to the co-principal investigator, housed at CSUF. Dr. Wood met regularly 

with survey staff and interviewers, participated in initial interviewer training, and received weekly updates on survey progress. 
5 MSG. (2013). State level wireless only estimates, October 2013. Retrieved from http://www.m-s-g.com/CMS/ServerGallery/ 

MSGWebNew/Documents/GENESYS/wireless-estimates/wireless-estimates-10-13.pdf. 
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likely reside in cell-only households.6 To decrease the under-coverage bias associated with sampling only 

landline telephone numbers, the study employed a dual-frame design that utilizes a frame of landline telephone 

numbers and a frame of cell phone numbers. MSG was contracted to obtain both sample frames.  

 

MSG provided a total of 29,826 telephone numbers. Of these, 16,774 (56.2%) were landline records and 13,052 

(43.8%) were cellular phone records. Quotas were set to ensure that 20% of completed interviews in each 

sample would be with cellular records. Telephone numbers were released as necessary to maintain high lab 

productivity, but taking into account project response and cooperation rates. All records were eventually 

released and included in the sample frame. 

 

Estimating sample bias. Of the 880 completed interviews, 57.0% (n = 502) were conducted with women and 

42.8% (n = 377) with men.7 Age ranged from 18 (n = 18; 2.1%) to 93 (n = 1; 0.1%) years. The majority of 

respondents self-identified as white (n = 786, 90.3%), and more than three quarters (n = 686; 78.5%) had earned 

at least a bachelorôs degree. The distributions of each sample as compared to the 2008-2012, five-year 

American Community Survey population estimates for the City of Boulder, Colorado (see Appendix K). 

Comparisons on gender, Hispanic/Latino ethnicity, race, highest level of education, annual household income 

and respondent age are provided. The survey sample was somewhat more educated, had higher income and was 

older than the general population. 

 

Questionnaire construction. The questionnaire was designed to obtain information on pertinent risk 

communication constructs about the first message people received about the Boulder flood, the first WEA 

message people received about the flood, and subsequent messages people may have received. The same 

theoretical constructs used in the experiments were included in the survey questionnaire, and where possible, 

identical question wording was used. The questionnaire (see Appendix L) was drafted, pre-tested, revised, pilot-

tested and then finalized (IRB protocol: HSR-14-0232, 6/9/14).  

 

Pre-test and pilot. The questionnaire was pre-tested with interviewers and other project staff. Adjustments 

were made based on these experiences. This was followed by a pilot study that occurred over a two-day period 

(6/10/14-6/11/14) and involved 30 respondents who experienced the Boulder Flood. Minor fine-tuning of 

question wording took place after this field test. 

 

Questionnaire administration. Interviews were conducted from 1:00 pm to 8:00 pm on weekdays and from 

11:00 a.m. and 7:00 pm on weekends, local time. Interview length ranged from 11 minutes (n = 3; 0.3 percent) 

to 74 minutes (n = 1; 0.1 percent). The mean survey administration time was 26 minutes and 46 seconds, and 

the median time was 25 minutes. 

 

Operationalization. Specific questionnaire items used to operationalize the constructs studied in the 

community event survey follow. 

 

Message source. WEA message recipients were asked how believable they considered the sources from which 

they received messages: Considering all of the messages you may have received before you took any action to 

protect yourself, who were they from? Were they from the/a Boulder Police, National Guard, Boulder Fire 

Department, Boulder Office of Emergency Management, Colorado governorôs office, Boulder sheriffôs 

department, family member or other relative, neighbor or friend, employer, coworker, TV broadcaster, National 

Weather Service, or Other (Y/N)? On a scale of 1 to 6, how believable do you think that source is, where 1 

means ñnot at all believableò and 6 means ñextremely believable.ò Mean believability scores for city, state and 

                                                           
6 Blumberg, S.J. & Luke J.V. (2009) Wireless substitution: Early release of estimates from the national health interviewer survey, 

January-June 2009. Retrieved from: http://www.cdc.gov/nchs/nhis.htm. 
7 One individual (0.2 percent) indicated some ñotherò gender, but did not specify what this gender was. 
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national message sources were calculated, along with scores for individuals such as family and friends. A 

repeated measure of analysis of variance was conducted to compare believability across source types. 

 

Map inclusion. WEA message recipients were asked whether any of the messages they received contained a 

map (Considering all the messages you may have received, did any of them contain a map indicating where 

within the city of Boulder the flood was expected to occur [Y/N]?). Those who reported receiving one or more 

messages containing a map were asked how effective the best map they received was at helping them determine 

whether or not they were in an area of risk (On a scale of 1 to 6, how effective was the best map you saw at 

helping you determine whether you were in an area of risk, where 1 means ñnot at all effectiveò and 6 means 

ñextremely effective?ò). Reported map effectiveness was correlated with an overall personalization scale score. 

The personalization scale was calculated in the same manner as described in the Phase II experiments, above. 

 

Relative importance of message contents. Four multiple linear regressions were conducted to test 

experimental findings about the relative importance of message contents among WEA message recipients: 1) 

interpretation, 2) personalization, 3) the amount of time that had elapsed (number of minutes) between the time 

the first WEA was issued (i.e., 6:36 p.m. on Sept. 11, 2013) and the time the respondent began checking local 

media (On what day did you begin to check local media? At what time on <date> did you begin to check local 

media?), and 4) the amount of time that had elapsed (number of minutes) between the time the first WEA was 

issued (i.e., 6:36 p.m. on Sept. 11, 2013) and the time the respondent began avoiding flood areas (On what day 

did you begin to avoid flood areas? At what time on <date> did you being to avoid flood areas?) were each 

regressed on measures of how much information the respondent had received on different topics: Thinking 

about all the messages you received, how much information did you receive about the following topics, using a 

scale of 1 to 6, where 1 means ñnoneò and 6 means ña lot?ò How much information did you receive about how 

bad the flood would be, the specific locations that would be flooded, what you should do to protect yourself, 

when the flood was expected to occur, by when you were expected to take action?ò Interpretation and 

personalization were scaled in the same manner described above for the Phase II experiments. 

 

Inclusion of a URL. Respondents were asked whether or not they received a message containing a hyperlink 

(Sometimes messages include internet links in them. "Clicking" on these links redirects you to a specified 

internet address or website. On Wednesday and Thursday, September 11 and 12, did you receive any messages 

that contained a link where you could get more information?), whether they followed that link (Did you follow 

that link?), and how long they spent viewing the linked content (How much time did you spend viewing 

information contained in the link?). Frequencies were calculated and t-tests were conducted comparing those 

who received a message containing a hyperlink and those who did not on the amount of time delay (in minutes) 

until beginning to avoid flood areas and beginning to check local media.  

 

Familiarity with the WEA service.  WEA message recipients, as well as members of the general population, 

were asked how knowledgeable they were about mobile public alerts: Before the flood occurred, on a scale of 1 

to 6, how knowledgeable were you about public alerts or warnings for events like floods that are distributed 

over mobile communication devices such as cell phones, where 1 represents ñnot at all knowledgeableò and 6 

represents ñextremely knowledgeable?ò Respondents also were asked how many WEA messages they had 

received: Before the flood occurred, how many times had you ever received a government emergency alert 

about disasters like floods delivered to you over a mobile communication device such as a cell phone? This 

does not include University alerts. 

 

Understanding of acronyms. WEA message recipients were asked, ñWhen you first read that message, what 

did you think the letters NWS meant?ò Responses were coded as the National Weather Service, some other 

phrase, donôt know, and refused. 
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How to best express time. WEA message recipients were asked: At the time you first read the message, how 

much time did you think you had before you should check local media? In addition, WEA recipients who heard 

the outdoor warning siren or message along Boulder Creek8 were asked: What did you think that ñLEAVE 

IMMEDIATELYò meant?  

 

How to best express location. WEA message recipients were asked: After first receiving that message, how 

much would you say you agreed with each of the following statements on a scale of 1 to 6 where 1 represents 

ñnot very likelyò and 6 represents ñextremely likely?ò The message was meant for me. 

 

Understanding of alert and warning concepts. WEA message recipients who heard the siren and message 

issued by the outdoor warning sirens along Boulder Creek were asked how many feet above Boulder Creek they 

thought represented moving to ñhigher ground:ò Did you receive the following message issued by the outdoor 

warning sirens along Boulder Creek? óWarning. Flash flood of Boulder Creek is imminent. Leave immediately. 

Proceed to higher ground. Do not cross Boulder Creek.ô How many feet above the level of Boulder Creek did 

you think that meant? 

 

Optimum level of fear arousal. The 12 emotion items included in the Phase II experiment questionnaires were 

included in the community survey questionnaire. A fear scale was created following the same procedures 

described in the Phase II experiments including the items: After first receiving that message, how much would 

you say you agreed with each of the following statements on a scale of 1 to 6 where 1 represents ñnot at allò 

and 6 represents ñextremely?ò The message made me feel <é> fearful, anxious, tense, nervous, scared? The 

fear scale score was correlated with the behavioral outcomes, time delay until initiating the protective actions, 

checking local media and avoiding flood areas. 

 

WEA diffusion curve. A WEA diffusion curve was created showing the rate at which the WEA message 

diffused through the general population (see Appendix M). The time that respondents reported having read the 

WEA message was plotted against 15-minute time increments. Individuals who reported receiving the message 

before it was issued were set to zero minutes, i.e., the time the alert was issued. 

 

Guidance mobilization curve. A guidance mobilization curve was created showing the rate at which WEA 

message recipients engaged in checking local media. The times respondents reported taking this recommended 

milling action were plotted against elapsed time measured in 15-minute increments, with negative numbers 

representing the number of minutes before the first WEA was issued and positive numbers representing the 

number of minutes after the first WEA was issued. 

 

Validation of experimental optimized outcome measures. Intermediate cognitive outcomesðthe scale scores 

for interpretation and personalizationðwere correlated with the ultimate behavioral outcomes; time elapsed 

before initiating the protective actions of checking local media and avoiding flood areas. The scales were 

constructed as described in the Phase II experiments. The time delay until checking local media was calculated 

by subtracting the time the first WEA message was issued (6:36 p.m. on Sept. 11, 2013) from the time at which 

respondents began checking local media: Did you take any of the following actions after you first received this 

[initial WEA] message (Y/N)? On what day did you begin to check local media? At what time on <date> did 

you begin to check local media? The time delay until checking avoiding flood areas was calculated by 

subtracting the time the first WEA message was issued (6:36 p.m. on Sept. 11, 2013) from the time at which 

respondents began avoiding flood areas: Did you take any of the following actions after you first received this 

[initial WEA] message (Y/N)? On what day did you begin to avoid flood areas? At what time on <date> did you 

begin to avoid flood areas? Pearsonôs correlation (r) was calculated to test these relationships. 

                                                           
8 The message along the Boulder Creek was:ñWarning. Flash flood of Boulder Creek is imminent. Leave immediately. Proceed to 

higher ground. Do not cross Boulder Creek.ò 
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4. Prime Research Question Findings  
 
Findings, conclusions and future research for the experiments, think-out-loud interviews, focus groups and 

community survey are integrated, below. These are presented separately for each research question. 

4.1 Order of Message Contents 

Experiment. Respectively, and in numerical order, the outcomes observed were: 48%, 46%, 44%, 55%, 57%, 

and 43% for interpretation; 49%, 59%, 49%, 51%, 50%, and 43% for fright; 48%, 41%, 48%, 57%, 60%, and 

57% for personalization; 45%, 54%, 50%, 54%, 58%, and 57% for lament; and 43%, 41%, 46%, 42%, 44%, 

and 50% for milling. Message order #5 clearly produced the most productive outcomes three out of five times 

for interpret, personalization and lament. Hence, message order #5 was carried forward into the regression 

analyses to compare to the standard message order currently used in practice.  

 

The results of the simple regressions on message content order are presented in Table 8 (see Appendix E). The 

regression for personalization (ɓ=.119, p=.080) was statistically near significant. The regressions for interpret 

and lament outcomes were both not significant. This suggests, at least based on this analysis, despite the 

observed consistent patterns in percentages, that the effect of message content order is weak. However, the 

weak advantage of message content order #5 over the order used in current practice could be substantial 

considering how many more people in a population at risk might be inclined to take action in response to 

message order #5 over the order currently used. 

 

The results of the multiple (controlled) regression equations for message content order are presented in Table 9 

(see Appendix E). The regression for order # 5 with the personalization outcome remained statistically near 

significant (ɓ=.120, p=.082), and the regression with the emotion of fright became significant (ɓ=.133, p=.050). 

The findings from the multiple regression equations led to the same general conclusions as the findings in the 

simple regression analysis; that is, message order #5 has a slight and weak advantage over the order used in 

current practice.  

 

Think -out-loud interviews and focus groups. Unlike the quantitative analyses of optimized message content 

order reported above, which only investigated 90-character WEA messages, the think-out-louds and focus 

group research investigated optimized message content order using 90-, 140- and 1,380-character messages.  

 

Findings from the think-out-louds and focus groups for the 90- and 140-character messages supported the 

conclusion that message order #5 was the optimized message order. That is, this order seems to have a slight 

advantage over the standard WEA message order in use today. The participants in one of the 90-character focus 

groups unanimously agreed that message order #5 produced a ñbetterò message. As one participant stated, ñI 

think that the order is important because ótake shelterô is right up front here, and that prompts you to action, 

whereas in the previous one the ótake shelterô was further along in the message, and I like the way they have 

that here, [it] prompts you to move.ò  

 

Another focus group evaluating the 140-character messages also unanimously found that putting the message 

source first improved the messageôs understandability. However, it was also clear that regardless of where 

source was placed in the message, some participants did not understand the meaning of source acronyms, e.g., 

ñUS DHSò and ñDenver PD.ò Focus group research also found that some participants in both the 90- and 140-

character focus groups preferred the standard WEA message order, and even other participants found the two 

orders equally effective. Notably, the phrase ñDenver PD Shelter nowò in the optimized 140-character message 
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led some participants to believe that they should be seeking a ñshelterò run by the Denver PD. The removal of 

the word ñtakeò appears to influence the messageôs meaning for these participants. Overall, a slight majority of 

qualitative research participants found message order #5 to be more understandable and believable. Similarly, 

emergency management participants were divided about whether the source, guidance or hazard should come at 

the beginning of the messages. Most emergency management participants argued that placing the hazard 

information upfront for 140-character messages would lead to better outcomes, and they noted (as did the 

community focus groups) that the absence of punctuation and the word ñtakeò in the optimized message could 

lead to counterproductive interpretations. 

 

Findings from the think-out-louds and focus groups for 1,380-character messages indicated that message order 

#5 did not transfer as an optimized order and may only be optimized for short 90- and 140-character messages. 

Message order #5 produced considerable confusion among many participants. The confusion resulted from 

participants reading a substantial amount of text about the steps to take to protect themselves without knowing 

what happened, since information about the hazard was buried within the middle of the message. One 

participant captured the sentiment of many others when she stated, ñAt this point, I'm kind of reading and 

wondering, like, what is happening? Getting a text message with somebody telling me what to do and where to 

go, but I have no idea why until the end of the message. That kind of bothers me.ò Most participants in 1,380-

character focus groups nevertheless preferred the source first. Emergency management participantsô comments 

were very similar. Additional selected participant comments regarding the order of message contents are 

provided in Tables 1-4 (see Appendix H).  

 

Conclusions. To the best of our knowledge, no one has ever investigated whether the order of the information 

in an alert or warning message has an effect on public outcomes. The varied orders we tested only contained 

slight differences between them and the experimental messages tested quantitatively were all short 90-character 

messages. A different order for the content contained in 90-character WEA messages may improve public 

response outcomes. WEA messages currently use the following order: hazard, location, time, guidance and 

source. An alternative order had an advantage in improving the public outcomes tested quantitatively and 

assessed qualitatively. It was: source, guidance, hazard, location and time. Although this alternative order only 

had a statistically weak advantage over the current WEA message content order, if put into practice, the effect 

of the revised order could be substantial considering how many more people in a population at risk might be 

inclined to take action in response to the revised order. The qualitative research revealed that this optimized 

message order holds for 140-character messages; however, it does not transfer to 1,380-character messages for 

which the optimized order is source, hazard, guidance, location and time. 

 

Future research. Quantitative and qualitative research on the optimized order of the contents of alert and 

warning messages longer than 90 characters is warranted.  

4.2 Message Source 

Experiment. Respectively, the outcomes for OCFA, Cal EMA, WEA, CDC and U.S. DHS were: 52%, 63%, 

38%, 52%, and 48% for interpretation; 44%, 57%, 46%, 39%, and 49% for fright; 44%, 57%, 35%, 39%, and 

48% for personalization; 48%, 50%, 52%, 39%, and 55% for lament; and 47%, 37%, 46%, 30%, and 43% for 

milling. These numbers suggest that Cal EMA scored highest on the outcome measures for three outcomes 

(interpret, personalize and fright), and was the second most productive source for milling (recall that a low 

milling score decreases protective action delay and is preferable). WEA (coded a 0) versus Cal EMA (coded as 

1) comparisons were selected to carry forward into the regression analysis. WEA was selected for inclusions for 

two reasons: it had low outcome scores and because it is the name of the Wireless Emergency Alert System. 
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The results of the simple regressions that examined the effects of the Cal EMA and WEA source comparisons in 

a 90-character WEA message are presented in Table 10 (in Appendix E). Source had no effect on fright, lament 

or milling since none of these relationships were statistically significant. However, source did have a 

statistically significant effect on interpretation (ɓ=.199, p=.048) and personalization (ɓ=.241, p=.016). These 

findings suggest that Cal EMA (the strongest sole source based on a comparison of percentage scores) produced 

statistically significant outcome differences when compared to WEA (one of the weakest sole sources based on 

percentage differences). This suggests that single sources which are local and recognizable (Cal EMA would 

not be local or recognizable outside of California) might be the most productive sole source to name in a 

message, at least in short 90-character WEA messages. It is also worth pointing out that OCFA is a more local 

source than Cal EMA, but it may not have been familiar to the bulk of our subjects who came from southern 

California, but outside of Orange County. 

 

The results of the five multiple regression equations examined the effects of source in a 90-character WEA 

message when subject selection criteria were included and, hence, controlled for are presented in Table 11 (see 

Appendix E). The significant relationships between source and both interpretation and personalization outcomes 

that were prominent in the simple regressions disappeared when the sample selection criteria were included in 

the equations (see Table 6 in Appendix A). A statistically significant relationship emerged between source and 

milling (ɓ=-.221, p=.045). This suggests that the relationship between message source and warning response is 

weak at best, and that there actually may not be a best sole source in terms of public outcomes to name in a 90-

character message.  

 

Think -out-loud interviews and focus groups. The qualitative research findings also indicated that there might 

not be a single source that works best for 90-character messages. This finding also held for 140- and 1,380-

chararacters messages that were also investigated qualitatively. Hence, we conclude that no single source will 

have the same meaning and credibility for all message recipients. Specifically, most participants cited the 

Denver Police Department as a more recognizable, believable and credible source than the Department of 

Homeland Security when evaluating the 90- and 140-character messages. As one participant stated, ñWhen I 

saw Denver PD, right off, Iôm like, okay. Hereôs an agency I know. Hereôs somebody thatôs telling me 

somethingôs going on. Itôs Denver PD, itôs more likely happening, so it got my attention.ò However, some 

participants found the federal source more understandable and believable than the local source because they 

believed that a radiological hazard warranted a federal response. As one participant stated, ñI mean, the first 

thing Iôm seeing is Denver PD. What in the world do they know about radiological warnings that I donôt? I 

meané I justé Iôm not going to take it seriously at all.ò Other participants were wary of the Denver PD for a 

variety of personal reasons.  

 

The opposite was found for 1,380-character messages. Most participants found U.S. DHS a more believable 

source because the severity of the hazard warranted a federal response. As one participant stated, ñWhen it says 

Denver Police, I think ónope, they got hacked or something [meaning that message was not believable].ôò In 

contrast to the Denver community focus groups, emergency management participants unanimously agreed that a 

local source would be more understandable or believable than a federal source across all message lengths. 

While source credibility differs among message recipients, and varies based on message length, a local and 

recognizable sole source might work best for most members of the public for most hazards. Additional selected 

participant comments regarding message source are provided in Tables 5-10 (see Appendix H).  

 

Community event survey. Results from the community survey showed that 74% (367/496) of WEA recipients 

identified having received a message from a personal source such as a family member or other relative, 

neighbor or friend, employer, or coworker; 58% (285/496) received a message from a local source such as the 

Boulder Police, Boulder Fire Department, Boulder Office of Emergency Management, or Boulder Sheriffôs 

Department; 6% (32/496) received a message from a state source, i.e., the State Governorôs office; and 31% 

(155/496) received a message from a national level source such as the National Guard or National Weather 
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Service. This real world test supported the experiment findings, showing a slight advantage for local sources. 

Mean believability scores (measured on a 6-point scale) were higher for local sources (M = 5.61, SD = .704, 

N = 285), than for state (M = 5.38, SD = .907, N = 32), national (M = 5.53, SD = .810, N = 410), and personal 

(M = 5.38, SD = .874, N = 367) sources. See Table 24 for full results (in Appendix E). 

 

Conclusions. There is no way to include a mixed set of message sources (as is suggested by historical research) 

in a 90-character WEA message. Single sources in 90-character messages had a statistically significant effect on 

some sense making public response outcomes including interpretation (understanding, believing and deciding) 

and personalization, and, hence, likely on protective action-taking. The quantitative and qualitative findings 

indicated that local and recognizable sources are likely the most productive sole source to name in a WEA 

message, but further research is needed to confirm these unstable conclusions.  
  

Future research. If it happens that the nationôs wireless emergency alert system adopts ñWEAò as the source 

of wireless emergency alerts, these findings suggest that a vigorous public education campaign would be 

worthwhile, including formative, process and outcome evaluation. If it were ever possible that WEA messages 

can be extended in length beyond 90 characters, research into what would constitute an optimized mixed panel 

of sources would be desirable. Applied research in local communities could explore what sources are the most 

understandable and believable for subpopulations in their communities.  

4.3 Map Inclusion 

Experiment. In all cases, the high information map produced better outcome results than either the low 

information map or no map. Respectively, the outcomes for no map, low information map and high information 

map comparisons were: 48%, 44%, and 54% for interpretation; 49%, 44%, and 51% for fright; 48%, 43% and 

64% for personalization; 55%, 56% and 60% for lament; and 43%, 44%, and 38% for milling. Keep in mind 

that lower milling rates imply less delay between message receipt and protective action-taking and, hence, 

lower and not higher rates were seen as the optimized result. The high information map was carried forward 

into the regression analyses. 

 

The results of the five regressions to examine the effects of inclusion of a high information map, defined as 

indicating the affected and unaffected areas and marking the receiverôs location, along with a 90-character 

WEA message, are presented in Table 12 (in Appendix E). As expected, map inclusion had no effect on fright, 

lament or milling, since none of these relationships were statistically significant. However, the high information 

map did have a statistically near significant effect on interpretation (ɓ=.123 and p=.081) and a significant effect 

on personalization (ɓ=.158 and p=.025). These findings suggest that there would be a benefit from adding a 

high information map to a WEA message. Doing so would help the public interpret and personalize the worded 

message, which would (based on historical research), in turn, move people at risk to take protective action. 

 

The results of the five multiple regressions to examine the effects of the inclusion of a high information map 

along with a 90-character WEA message when subject selection criteria were included in the equations are 

presented in Table 13 (see Appendix E). Once again, map inclusion had no effect on fright, lament or milling as 

none of these relationships were statistically significant. Additionally, the effect of the high information map on 

interpretation (ɓ=.121 and p=.092) and personalization (ɓ=.167 and p=.020) remained stable.  

 

Think -out-loud interviews and focus groups. Qualitative findings provided support for the quantitative 

findings and suggested that inclusion of a high information map can make messages more understandable, 

believable and enhance risk personalization. However, inclusion of a map may not influence milling behavior, 

meaning that the public may still attempt to seek additional information before taking recommended protective 

actions. For 90-, 140- and 1,380-character messages, the inclusion of a high information map improved 
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understanding, belief, risk personalization and was cited as preferable. ñI think the map lends credibility,ò said 

one participant. ñFor me, the picture [map] really helps to make it believable. I donôt know why, but it just kind 

of gives it that feel that itôs professional, or you know, the real deal,ò said another participant. ñI think itôs easier 

to read, but, and I also like the map, and I think thereôs some entertainment value when it says óYou,ô but I donôt 

know if somehow they GPSôd me and they know Iôm in Littleton at the time, but, umm, but I do like that 

concept of a map even if the map isnôt ideal,ò said another participant. Emergency management participants 

preferred the inclusion of a high information map across all message lengths. 

 

However, a few other participants stated that the map added little value. For example, ñThe map doesnôt mean 

anything. Itôs common sense,ò said one participant. Other participants explained that inclusion of a high value 

information map would not change their decision-making. ñ[Iôd do] The same thing [after receiving the message 

with the map], [turn on] radio or TV, try to verify somehow. Telephone, call the police department, something,ò 

said one participant. ñIôm going to stillé Iôm going to look at the networks, one of the large networks,ò said 

another. Additional selected participant comments regarding the inclusion of a map are provided in Tables 11-

17 (see Appendix H).  

 

Community event survey. A total of 199 respondents reported having seen a map (199/461=43%) as part of 

one or more messages they received about the flood. The correlation between reported map effectiveness and 

personalization was statistically significant (r=.308, p<.001, DF=173). 

 

Conclusions. The results of the quantitative experiments, corroborated by the qualitative and survey findings, 

suggest that it would be wise from a public safety viewpoint for WEA message agencies and carriers to find a 

way to add a high information map to 90-character WEA messages and not to include low information maps at 

all. High information map inclusion (specifying the areas affected and not affected and the receiverôs location) 

in 90-character messages had a statistically significant and positive effect on public response outcomes 

including interpretation and personalization, and, hence, would have a positive effect on protective action-

taking. Inclusion of a low information map (specifying the areas affected and not affected, but not the receiverôs 

location) had the opposite effect. The results of the qualitative research indicated that inclusion of a high 

information map improved most participantsô understanding, belief and risk personalization across all message 

lengths.  

 

Future research. Visualization research would be worthwhile to determine how to best illustrate hazard and 

receiver location in maps if consideration is ever given to including maps in a WEA messages. 

4.4 Relative Importance of Content Elements 

Experiment. A series of cross tabulations was computed that juxtaposed outcomes against the test messages. 

Respectively, the outcomes for messages with all content, source missing, guidance missing, hazard missing, 

location missing and time missing were: 52%, 64%, 17%, 47%, 59%, and 58% for interpretation of protective 

action; 55%, 70%, 60%, 33%, 53%, and 68%, for interpretation of risk; 51%, 60%, 53%, 47%, 46%, and 48% 

for fright; 50%, 62%, 54%, 33%, 44%, and 54% for personalization; for 48%, 65%, 59%, 37%, 40%, and 51% 

lament; and 46%, 40%, 66%, 50%, 50%, and 40% for milling. These results suggested that the guidance and 

hazard elements of the contents of alert and warning messages are more important in terms of public outcomes 

than the other tested elements. For example, when guidance was absent, only 17% of the subjects were above 

the median regarding interpreting what protective action to take, but milling was very high (66%). Please recall 

that a high milling score implies delay in protective action-taking. And when hazard information was absent, 

only 33% of the subjects were above the median regarding interpretation of risk and the number was also low 

(33%) for personalization which is another key motivator for people to take action to protect themselves. 
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The results of the multiple regression equation that examined the effects of the test messages in comparison to 

the message that included all elements are presented in Table 14 (see Appendix E). The same two message 

factors of guidance and hazard stood out as the key message elements compared to the rest when examined 

using multiple regression analysis. When guidance (describing what the public should do and how to do it) was 

omitted, the effect on interpreting what protective actions to take was negative, relatively strong and statistically 

significant (ɓ=-.481, p=<.001), and a significant effect on milling was also observed (ɓ=.161, p=.006). When a 

description of the hazard (describing the physical event) was omitted, there were significant effects on 

interpreting the risk (ɓ=.276, p=<.001), personalization (ɓ=-.135, p=.022) and lament (ɓ=-.118 p=.045). 

 

The results of a series of multiple regression equations that examined the effects of different test messages when 

subject selection criteria were included and, hence, controlled for are presented in Table 15 (see Appendix E). 

Guidance and hazard remained the key message elements when examined using multiple regression to control 

for subject selection criteria. The findings were unchanged from the analysis without control variables. When 

guidance (describing what the public should do and how to do it) was omitted, the effect on interpreting what 

protective actions to take remained negative, relatively strong and statistically significant (ɓ=-.464, p=<.001), 

and a significant effect on milling also was observed (ɓ=.154, p=.009). When a description of the hazard 

(describing the physical event) was omitted, the significant effects on interpreting the risk (ɓ=-.265, p=<.001) 

and personalization (ɓ=-.135, p=.023) remained. There also was a statistically near significant relationship with 

the emotion of lament (ɓ=-.114, p=.055). In addition, a new significant relationship emerged for interpreting 

what protective actions to take (ɓ=-.071, p=.017). When message source was omitted, the relationship with 

fright was near significant (ɓ=.104, p=.079). 

 

Think -out-loud interviews and focus groups. Qualitative findings underscored the greater importance of the 

guidance and hazard elements of messages compared to source, location and time. Specifically, for 90-character 

messages, most participants indicated that additional protective action guidance and information about the 

hazard was desirable. Strong evidence for this claim comes from the think-out-loud interview: Participants 

consistently remarked about the lack of hazard or guidance specificity of the 90-character messages. One 

participant stated, ñI donôt know what shelter is. I mean, I would assume some buildings are safer than other 

buildings.ò  

 

Notably, fewer participants asked for additional information about the hazard or protective action guidance for 

the 140-character messages. Participants for the 140-character messages instead tended to critique the messages 

for their ambiguity concerning time, location, source and especially acronyms, perhaps because the 140-

character messages contained more information about guidance and hazard than about these factors. For the 

1,380-character messages, comments also related more to the format, length and intensity of the messages, 

rather than to the presence/absence or relative importance of content elements (although some participants did 

express that they wanted additional information about the hazard and its consequences).  

 

Emergency management participants also stressed the need for sufficient information about the protective 

action guidance and hazard. Even for this group of trained professionals, insufficient information in the 90- and 

140-character messages generated intentions to mill, that is, seek additional information prior to taking a 

protective action. As one participant stated, ñI absolutely agree with [two other participants], even as an 

emergency manager, I donôt think I would take shelter first. I think I would try to get more information, and 

then go and do it.ò Additional selected participant comments regarding the relative importance of message 

contents are provided in Tables 18-20 (see Appendix H). 

 

Community event survey. The regression analysis of community survey WEA recipient data found that the 

amount of information that messages contained about three message elementsðwhat actions respondents 

should take to protect themselves (ɓ=.221, p<.001), what locations would flood (ɓ=.138, p=.027), and by when 

respondents were expected to take action (ɓ=.204, p=.001)ðcorrelated with message interpretation. The 
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amount of information messages contained about guidance (ɓ=.202, p=.001) and by when respondents were 

expected to take action (ɓ=.191, p=.004) correlated with message personalization. 

 

The same regressions were repeated using behavioral outcomes (i.e., reported delay before initiating the 

protective actions, checking local media and avoiding flood areas) rather than the cognitive outcomes, 

interpretation and personalization. When delay until initiating protective action was regressed against the 

amount of information provided on these same message elements, a somewhat different but related pattern of 

results emerged. In this case, the amount of information about when the flood was expected was the only 

statistically significant correlation of delay to begin avoiding flood areas (ɓ=-1.95, p=.021); the more 

information was received, the shorter the delay to protective action-taking. See Tables 25-28 for the full data 

tables (in Appendix E). 

 

Conclusions. The message content elements of guidance (telling people what to do and how to do it) and 

hazard (describing the physical event) seem to play major roles relative to other message elements in 

impactingðin different waysðthe outcomes of public interpretation of the protective action recommendation, 

interpretation of risk and personalization. The message element of guidance also seems to reduce milling 

(which causes a delay in protective action-taking). These findings affirm and provide an explanation for 

experiment 1 findings: Placing guidance and hazard up front in a 90-character WEA messageðinstead of in the 

middle or the end of a messageðoptimized outcomes because they are most important from a public outcomes 

viewpoint. The community survey results replicated the relative importance of the guidance component of 

messages (telling people what to do) on cognitive outcomes. Translating these findings to behavioral outcomes, 

telling people the time by which they are expected to begin initiating those protective actions can be understood 

as part of the guidance in that telling people how much time they have implies taking the given action. In other 

words, telling people the time they are expected to begin taking protective action elaborates the guidance to take 

the action. The quantitative and qualitative findings suggest a core content of a public alert and warning: Tell 

people exactly what to do (guidance), describe why they should do it (hazard), and when (time). Those who 

prepare future public alert and warning messages might consider emphasizing these content topics, but not to 

the exclusion of the others.  

 

Future research. Research is needed into how visualizations can be used to help supplement and enhance the 

communication of guidance (protective action) and hazard (the risk) in 90-character WEA messages. Research 

should also look at whether minimally expanding WEA message length (i.e., to 280 characters) enhances the 

communication of guidance and risk. 

4.5 Generalizing across Hazard Types 

Experiments. Results from experiments 5, 6 and 7 follow. 

 

Descriptive outcomes for 90-character messages. Respectively, the outcomes for the radiological hazard, 

active shooter and tsunami messages were: 28%, 33%, and 51% for interpretation; 52%, 51%, and 37% for 

fright; 43%, 33%, and 52% for personalization; 40%, 46%, and 44% lament; and 67%, 53%, and 52% for 

milling. These results suggested that there are some differences in outcomes across messages for different 

hazards for the three sense elements of interpretation, personalization and milling. 

 

Descriptive outcomes for 140-character messages. Respectively, the outcomes for the radiological hazard, 

active shooter and tsunami messages were: 34%, 54% and 51% for interpretation; 51%, 48% and 37% for 

fright; 46%, 41% and 62% for personalization; 49%, 64% and 28% lament; and 68%, 38%, and 46% for 

milling. These results suggested that there are some differences in outcomes across messages for different 

hazards for two of the sense elements (interpretation and milling) as well as the emotion of lament.  
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Descriptive outcomes for 1,380-character messages. Respectively, the outcomes for the radiological hazard, 

active shooter and tsunami messages were: 62%, 59% and 74% for interpretation; 52%, 59% and 47% for 

fright; 57%, 59% and 52% for personalization; 47%, 76%, and 33% lament; and 51%, 52%, and 48% for 

milling. These results suggested that there were no differences regarding the three sense making elements of 

interpretation, personalization and milling; however, they also suggest that differences existed for the emotions 

of fright and lament.  

 

Regression without controls for 90-character messages. The results of the five regression equations to 

examine the effects of 90-character messages for the alternative hazards of active shooter and tsunami in 

comparison to the radiological hazard on the outcomes of interpretation, fright, personalization, lament and 

milling are presented in Table 16 (in Appendix E). Significant statistical differences emerged for the tsunami 

hazard regarding interpretation (ɓ=.335, p=<.001), personalization (ɓ=.149, p=.039) and milling (ɓ=-.197, 

p=.007). One near significant relationship existed for the active shooter hazard with milling (ɓ=-.130, p=.075). 

These findings suggest that variation in hazard type influenced 90-character message outcomes in different 

ways for different hazards. This indicates that 90-character messages were not able to overcome the effects of 

pre-event perceptions for different hazards, which are likely based on factors such as experience, perceived risk 

and knowledge. Hence, 90-character messages do not result in standardized message sense making outcomes 

and are influenced by hazard type. 

 

Regression without controls for 140-character messages. The results of the five regression equations to 

examine the effects of 140-character messages for the alternative hazards of active shooter and tsunami in 

comparison to the radiological hazard on the outcomes of interpretation, fright, personalization, lament and 

milling are presented in Table 17 (in Appendix E). Significant statistical differences emerged for the tsunami 

hazard regarding interpretation (ɓ=.290, p=<.001), lament (ɓ=-.162, p=.026) and milling (ɓ=-.229, p=.002). For 

the active shooter hazard, two significant relationships existed for interpretation (ɓ=.249, p=.001) and milling 

(ɓ=-.297, p=<.001); and one near significant relationship existed with lament (ɓ=.141, p=.052). These findings 

suggest that variation in hazard type influenced the 140-character messagesô outcomes in different ways for 

different hazards. This indicates that 140-character messages were also not able to overcome the effect of pre-

event perceptions for different hazards, which are likely based on factors such as experience, perceived risk and 

knowledge. Hence, messages of 140 characters appear to not result in standardized message sense making 

outcomes and are influenced by hazard type. 

 

Regression without controls for 1,380-character messages. The results of the five regressions to examine the 

effects of 1,380-character messages for the alternative hazards of active shooter and tsunami in comparison to 

the radiological hazard on the outcomes of interpretation, fright, personalization, lament and milling are 

presented in Table 18 (in Appendix E). No significant statistical differences emerged for any of the sense 

making relationships for any of the comparison hazards. Two statistically significant relationships existed for 

the active shooter hazard for the emotion of fright (ɓ=.153, p=.031), and with the emotion of lament (ɓ=.318, 

p=<.001). These findings suggest that variation in hazard types had no impact on the sense making outcome 

factors examined. They also suggest that 1,380-character messages (which provide more information than 90- 

or 140-character messages) help people overcome pre-event hazard-specific perceptions based on factors such 

as experience, pre-event perceived risk and knowledge. Hence, in contrast to shorter messages, messages of 

1,380 characters in length can result in standardized message sense making outcomes regardless of hazard type. 

However, 1,380-character messages also can result in different emotional outcomes for different hazards, which 

is to be expected. Different hazards are likely to elicit different emotional reactions based on any number of 

factors including, for example, recent news coverage about similar events.  

 

Regression with controls for 90-character messages. The results of the five multiple regression equations to 

examine the effects of 90-character messages for the alternative hazards of active shooter and tsunami in 
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comparison to the radiological hazard on the outcomes of interpretation, fright, personalization, lament and 

milling while controlling for the subject selection criteria of gender and race/ethnicity are presented in Table 19 

(see Appendix E). The findings that emerged were virtually identical to the regression results obtained without 

control variables in place. Significant statistical differences emerged for the tsunami hazard regarding 

interpretation (ɓ=.337, p=<.001), personalization (ɓ=.149, p=.041) and milling (ɓ=-.190, p=.010). One near 

significant relationship existed for the active shooter hazard with milling (ɓ=-.126, p=.087). These findings 

reaffirm the finding that variation in hazard type influenced message outcomes in different ways for different 

hazards indicating that 90-character messages were not able to overcome the effect of pre-event perceptions of 

different hazards likely based on pre-event factors such as experience, perceived risk and knowledge. Messages 

of 90 characters in length do not result in standardized message sense making outcomes and are influenced by 

hazard type. 

 

Regression with controls for 140-character messages. The results of the five multiple regression equations to 

examine the effects of 140-character messages for the alternative hazards of active shooter and tsunami in 

comparison to the radiological hazard on the outcomes of interpretation, fright, personalization, lament and 

milling while controlling for the subject selection criteria of gender and race/ethnicity are presented in Table 20 

(in Appendix E). The findings that emerged were virtually identical to the regression results obtained without 

control variables in place. Significant statistical differences emerged for the tsunami hazard regarding 

interpretation (ɓ=.284, p=<.001), lament (ɓ=- .150, p=.040) and milling (ɓ=-.242, p=.001). Three statistically 

significant relationships were present for the active shooter hazard with interpretation (ɓ=.253, p=.001), lament 

(ɓ=.152, p=.036) and milling (ɓ=-.307, p=<.001). These findings reaffirm the finding that variation in hazard 

type influenced message outcomes in different ways for different hazards indicating that 140-character 

messages were not able to overcome the effect of pre-event perceptions of different hazards likely based on pre-

event factors such as experience, perceived risk and knowledge. Messages of 140 characters in length do not 

result in standardized message sense making outcomes and are influenced by hazard type. 

 

Regression with controls for 1,380-character messages. The results of the five multiple regression equations 

to examine the effects of 1,380-character messages for the alternative hazards of active shooter and tsunami in 

comparison to the radiological hazard on the outcomes of interpretation, fright, personalization, lament and 

milling while controlling for the subject selection criteria of gender and race/ethnicity are presented in Table 21 

(in Appendix E). No significant statistical differences emerged for relationships with the sense making 

outcomes of interpretation, personalization and milling. Two near significant relationships existed with 

interpretation (ɓ=.122, p=.086) and the emotion of fright (ɓ=.133, p=.058), and one significant relationship was 

present with the emotion of lament (ɓ=.316, p=<.001). These findings reaffirm the findings that variation in 

hazard type had no impact on the sense making outcomes of interpretation, personalization and milling. They 

also suggest that 1,380-character messages (which provide more information than 90- or 140-character 

messages) help people overcome pre-event hazard-specific perceptions based on factors such as experience, 

pre-event perceived risk and knowledge. Hence, messages of 1,380 characters in length do result in 

standardized message sense making outcomes regardless of hazard type. However, these findings also suggest 

that hazard type does impact the emotions of fright and lament, which was revealed while controlling for 

subject selection factors such as gender.  

 

Think -out-loud interviews and focus groups. The focus group format could not accommodate exploration of 

more than one hazard since multiple hazards would have increased the time needed to perform the focus groups 

beyond reasonable limits. Hence, only the radiological hazard was examined, and generalizability across hazard 

types was not assessed. Cross-hazard generalizability was examined in the emergency management focus 

group. One emergency management professional raised the point that a WEA recipientôs prior knowledge of 

hazard types could influence milling behavior: ñOne thing that would make the determination in my mindð

whether I took immediate action or attempted to verifyðis what the hazard is. If you tell me óactive shooter,ô 

óflash flood,ô something that I understand could have immediate consequence to me, I would do that [take 
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protective action] before attempting to verify. But for a hazmat, for radiological, for something that, to me, in 

my frame of reference, maybe I didnôt quite understand, I would attempt to verify.ò Nevertheless, emergency 

management focus group participants unanimously agreed that content elements and order should, ideally, 

remain consistent across hazard types given the challenges of attempting to customize message elements to 

particular hazards. ñI donôt think it [message content structure] should [differ across hazard types],ò said one 

participant. ñDo you reorder the pieces of the message based on the hazard? I donôt think so because I think, 

then, even just from a data collection standpoint, how do you know the effectiveness of one message versus 

another, if youôre constantly changing it,ò asked another. ñI think thatôs a standardization piece that you learn; 

part of that public information,ò said a third. 

 

Conclusions. Short messages that are 90 and 140 characters seem to be substantially less effective at helping 

people overcome their pre-event hazard-specific perceptions and, consequently, likely would be less effective 

than longer messages of 1,380 characters at guiding people to take protective actions appropriate to the risk they 

face in an actual event. The content elements of 1,380-character messages delivered over mobile 

communication devices seem to have standardized effects on outcomes regardless of hazard type (generalize 

across hazards). However, 90- and 140-character messages do not. Shorter messages likely do not contain 

sufficient information to overcome peopleôs pre-alert and warning event perceptions of different hazards based 

on personal experience, perceived risk and knowledge, which may or may not match the event they face. Hence, 

90- and 140-character messages offer less to help effectively manage public protective action-taking than 

messages that are 1,380 characters.  

 

Future research. Research is needed to determine the character and intensity of public education that might 

yield effective public response to short WEA messages. This research could begin with exploring analogous 

events such as effective public response to earthquake early warnings in Japan, and public radiological impact 

readiness in America during the Cold War.  

4.6 Message Length Efficacy 

Experiment. Respectively, the outcomes for the standard WEA and the optimized 90-, 140- and 1,380-

character messages were: 33%, 44%, 43% and 80% for interpretation; 46%, 50%, 57% and 43% for fright; 

38%, 59%, 37%, and 66% for personalization; and 54%, 52%, 54%, and 29% for milling. These results suggest 

that there are large differences in the outcomes of interpretation, fright, personalization and milling across 

different message lengths compared to the standard WEA message. The 1,380-character message yielded 

increased levels of interpretation and personalization, and decreased delay time spent milling. The opposite was 

the case for shorter messages as compared to the standard 90-character WEA message. Thus, 1,380-character 

messages would lead to maximized public protective action-taking because of the effect on the intervening 

factors of interpretation, personalization and milling. 

 

The results of the four uncontrolled, multiple regressions comparing the effects of optimized messages of three 

different lengths to the standard 90-character WEA message on response outcomes are presented in Table 22 

(see Appendix E). The 1,380-character optimized message showed better outcomes for interpretation, 

personalization and milling, than did the standard 90-character WEA message; all of these relationships were 

statistically significant (ɓ=.417 and p=<.001; ɓ=.246 and p=.012; ɓ=-.351 and p=<.001, respectively).  

 

The results of the four controlled multiple regressions comparing the effects of optimized messages of three 

different lengths to the standard 90-character WEA message on response outcomes when subject selection 

criteria were included in the equations are presented in Table 23 (see Appendix E). Again, the 1,380-character 

optimized message showed better outcomes for interpretation, personalization and milling, than did the standard 
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90-character WEA message; all of these relationships were statistically significant (ɓ=.385 and p=<.001; ɓ=.234 

and p=.017; ɓ=-.332 and p=.001, respectively).  

 

Think -out-loud interviews and focus groups. Longer messages improved understanding and slightly reduced 

milling. The 90- and 140-character messages may, for most people, contain too little information about the 

hazard and too little guidance compared to the 1,380-character message. One participant who received the 90-

character message stated, ñTo me, itôs not specific enough.ò Another claimed, ñI donôt think thereôs enough 

information in either one of these [standard or optimized] to really follow.ò For 140-character messages, some 

participants also found these insufficiently detailed. Nevertheless, as indicated in Table 22 (in Appendix H), 

140-character messages appeared to slightly reduce millingðsearching for additional informationðwhen 

compared to 90-character messages because they contained more information. In contrast, shorter messages 

seemed to delay protective action because people said they would spend more time searching for information 

before they act to protect themselves.  

 

Some participants found the 140-character messages understandable and sufficient. One participant stated, ñI 

think the message is perfect as is, because itôs pretty short and concise. If you do a whole paragraph, no oneôs 

going to read it. They just may be freaking out, nuclear explosion! So the shorter it is, the more likely people are 

to really take the message.ò Another stated, ñFor me personally, I understand the message, so I donôt really need 

anything longer.ò However, most participants reported that the 1,380-character messages significantly improved 

their understanding. Nevertheless, despite the historical evidence that messages that are more informative work 

best, even professional emergency managers voiced preference for 140-character messages rather than 1,380-

character messages. They also argued that the 90-character message was too short, but they were concerned that 

the 1,380-character message might be too long. While the emergency management participants acknowledged 

that only the 1,380-character messages contained enough information to enable people to take actions that 

would maximize their health and safety, they nevertheless stated that 140-character messages were preferable. 

ñItôs because of our background. We know that the probability of them readingðweôve already learned that 

they donôt read, and the attentionðitôs a sound byte society,ò explained one participant. Additional selected 

participant comments regarding message length are provided in Tables 21-24 (in Appendix H). 

 

Conclusions. The scientific evidence assembled led to the conclusion that messages that are 1,380 characters 

produce optimized interpretation, personalization and milling outcomes, and would likely yield maximized 

public protective action-taking behavior. Shorter messages that are 90 and 140 characters seem to be less 

effective at guiding people toward protective action taking. There is nothing inherently better about 1,380-

character messages. What is likely the case is that people need to be provided with sufficiently detailed 

information about exactly what steps to take to protect themselves, and the number of characters needed to 

accomplish this likely varies across hazards. Participant and professional emergency manager opinions, 

however, led to the conclusion that 140-character messages were the most desirable. This reveals what may be 

an American alert and warning dilemma: Should alert and warning message lengths be based on knowledge 

gained by application of the scientific method, or on beliefs and opinion gained in other ways?  

 

Future research. Translation research is needed to help bridge the divide between the opinions and beliefs of 

emergency managers and the scientific record about optimal alert and warning message length. A well-designed 

workshop should be conducted that brings together key alert and warning researchers and practitioners to 

consider the most productive pathway forward to resolve the divide that now exists regarding alert and warning 

message length. 
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4.7 Implications  

Short alert and warning messages (90- and 140-character messages) are unique and unlike any others: The 

optimized order of their contents is unique; their limited length constrains public understanding of the source of 

the message; people are less able to understand if the message is meant for them; the key content elements of 

guidance (describing what to do and how to do it) and hazard (describing why they should do it) cannot be 

adequately communicated; and short messages cannot overcome peopleôs pre-event hazard-specific perceptions. 

Hence, to be effective at motivating public protective action taking, the short messages in use today rely on 

information provided by others.  

 

There are pathways forward to optimize todayôs WEA messages: An alternative order of message contents 

could be put into practice, message sources of a particular kind could be selected, and a public education and 

marketing campaign about the WEA service could be conducted. The projectôs findings also provide concrete 

insights to help imagine optimized WEA and warning messages that could exist in the future. These messages 

would not rely on information provided by others, but would instead be sufficient to motivate public protective 

action taking on their own. These messages, in addition to putting into practice an alternative order of message 

contents, selecting message sources of a particular kind, and conducting a public education and marketing 

campaign about the WEA service, as optimized messages of the future, could also include high information 

maps, indicate more precisely by what time people should begin taking recommended protective actions, and 

allow for up to 1,380 characters in message length.  

 

5. Add-on Research Question Findings  

5.1 Introduction 

This research sought answers to seven add-on research questions. The questions were generated during the 

project workshop of agency representatives, academic researchers and practitioners held in Washington, D.C. 

during November 2012, and they were investigated using focus groups. They were:  

 

¶ Would there be benefit from including a URL in Wireless Emergency Alert (WEA) messages? 

 

¶ How familiar are people with WEAs? 

 

¶ Do people understand the acronyms that are currently included in WEAs? 

 

¶ How might time best be expresses in a WEA message? 

 

¶ How might location best be expressed in a WEA message? 

 

¶ Is there an optimum level of fear arousal in public recipients of messages? 

 

¶ How well do people understand the alert and warning concepts used in messages? 

 

The conclusions to these questions reported in this chapter were subjected to a final level of testing, to the 

extent possible, in Phase III of this project following an actual community alert and warning event to determine 

whether or not they transfer into the real world.  
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5.2 Inclusion of a URL 

Think -out-loud interviews and focus groups. Participants were asked about the possible inclusion of a URL, 

a uniform resource locator, directing them to additional information. Almost all participants agreed that 

inclusion of a URL would be desirable, and this was true regardless of message length. However, some 

participants indicated that inclusion of a URL was not as important as an instruction to check media because 

participants who did not own a smart phone noted that inclusion of a URL would not be helpful for them. Some 

participants worried that a URL could be misinterpreted as possibly containing a virus. Below are examples of 

suggestions by participants who considered 90-character messages: 

 

ñI would think that, like, overall a phone number or a radio station or something more reliable would be, 

like, better.ò  

 

ñYou know how in the national parks youôll be driving through and itôll say, thereôll be those blue signs 

that will say, like, turn to channel 548 for weather conditions or something. If they had room to put 

something like that in there.ò 

 

ñCould they send a follow up? The characterð90 charactersðsay óif you need information on shelter, 

ask here or look here or hereôs where to go.ôò 

 

ñCould the link, could it not just be a link but could the address also be there so you could access it via 

your email if you were near your computer?ò 

 

For 140-character messages, participants also valued a URL and described how it should look: 

 

ñ[Moderator] What about the inclusion of a URL? To take you to another site where you could get more 

information? Everybodyôs, almost everybodyôs nodding their head.ò 

 

ñI think it needs to end in like a .gov.ò 

 

ñBold letters.ò 

 

ñMaybe a different color, so that it really stands out.ò 

 

ñLike it begins with h-t-t-p-s.ò 

 

For 1,380 characters, participants unanimously agreed that inclusion of a URL with additional information was 

a good idea.  

 

Community event survey. A third (34%) of WEA message recipients (141/418) reported that they had 

received one or more messages containing a hyperlink, and 66% (277/418) had not (an additional 78 could not 

recall). Of those who received a message containing a link, 65% (90/138) followed the link, and 35% (48/138) 

did not (an additional 3 individuals could not recall). Of those who followed the link, the amount of time spent 

viewing the linked content ranged from 1 to 240 minutes (M=47.51 minutes, SD=55.647, N=84).  

 

Delay before checking local media was shorter for those who received one or more messages containing a link 

(M=-99.97 minutes, SD=511.204, N=104) compared to those who did not (M=14.80 minutes, SD=567.068, 

N=195), but this only approached statistical significance (t = 1.721, df = 295, p = .086). Delay before avoiding 

flood areas also was shorter for those who received one or more messages containing a link (M=112.18 minutes, 
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SD=629.184, N=90) compared to those who did not (M=298.36 minutes, SD=633.854, N=150), and this was 

statistically significant (t = 2.209, df = 238, p = .028).  

 

Conclusion. Consideration should be given to including a URL in wireless emergency alert and warning 

messages regardless of message length. This finding is consistent with the long-standing historical observation 

that people who are warned engage in a search for additional information before taking a protective action. 

Inclusion of a URL in alerts and warnings might reduce or increase the delay in taking a protective action after 

message receipt. 

 

Future research. The causal nature of these relationships should be investigated. Research on how the 

inclusion of a URL in wireless emergency alert and warning messages influences perceptual and behavioral 

outcomes, as well as how the inclusion of a URL might shorten or lengthen public response delay time, is 

needed.  

5.3 Familiarity with the WEA Service 

Think -out-loud interviews and focus groups. Participants for the 90-, 140- and 1,380-character messages 

were asked about their familiarity with WEA messages. Most participants were unfamiliar with them. Some 

participants were familiar with other text-based warning messages as a result of participation in various opt-in 

alert and notification systems. Others had previously received Amber Alerts on their mobile devices. Several 

participants implied that improved public education about WEA messaging could potentially decrease the 

amount of time spent searching for additional information upon receiving a message. Other participants, 

however, expressed concern or disbelief that the technology or warning officials were capable of determining 

the physical location of individual mobile devices, reflecting a lack of understanding of how the WEA service 

works. Below are examples of participantsô comments regarding their familiarity with WEAs. 

 

ñAnd in the case of a national emergency, all of a sudden theyôre going to calculate hundreds of 

thousands of locations to send those of us a personalized message? Thatôs Santa Claus [make believe].ò 

 

ñFirst of all, just seeing the, I donôt know if uh this is like my cell phone, and I actually had, and I was 

used to getting the, a message of this kind of text, that would be one thing. But since I havenôt before, 

itôs the first time Iôm seeing it, that is a degree of ambiguity, just lack of, um, any prior exposure. And 

lack of any degree of being used to something like that.ò 

 

ñI was thinking this was something we would have signed up for, Iôm hoping, because if this just came 

on my phone, I might be a little bit, you know, think somebodyôs playing a joke on me or something. 

But Iôm hoping I signed up for this [é].ò 

 

ñI think itôs a general message, sent, it might be to a geographic area, but not me in particular, or you 

know. It could be just everybody, even.ò 

 

ñSo they can track where I am, and I was just looking at it and I was wondering if they are.ò  

 

Community event survey. The average level of self-reported knowledge about public mobile alerts and 

warnings before the flood was 4.17 (SD=1.619, N=495) for WEA message recipients and 3.46 (SD=1.839, 

N=595) among the general population. This was measured using a six-point scale ranging from 1= ñnot 

knowledgeableò to 6=ñextremely knowledgeable.ò Among the WEA sample, a third (34%, 168/495) could be 

classified as ñnot knowledgeable;ò among the general population, half (51%, 304/595) could be classified as 

ñnot knowledgeable.ò Before the flood occurred, the number of WEA messages respondents had received 



 

39 

  

ranged from 0 to 100, with an average of 4.73 (SD=11.923, N=479) for WEA recipients, and an average of 3.20 

(SD=10.664, N=583) for the general population.  

 

Conclusion. There appears to be a lack of public familiarity with the WEA service. One might hypothesize that 

this lack of familiarity would play a role in the effectiveness of the system when in use. The general population 

and Boulder Flood WEA alert recipients, alike, had low experience with WEA messages prior to the studied 

flood event. 

 

Future research. Research on the effect of prior knowledge about the WEA service on public response 

outcomes, including response delay, is needed. If it is determined that prior knowledge improves public 

response, then a campaign to educate the public about the WEA service would be appropriate. Prior knowledge 

of the WEA service may well help recipients make sense of and respond to WEA messages.  

 

5.4 Understanding Acronyms 

Think -out-loud interviews and focus groups. Participants were asked about their understanding of the 

acronyms that currently are used in WEA messages, such as ñDenver PD,ò ñUS DHS,ò and ñMDTò (Mountain 

Daylight Time. While some participants understood the meaning of these acronyms, others did not. For 

example, several participants expressed that the acronyms used in 90-character WEA message might cause 

confusion.  

 

ñI donôt know, it says PD take shelter, Iôm asking what is óPD,ô and the rest of it, I would just be looking 

for more information as well.ò  

 

ñWith all the acronyms there, I would spell out Police Department.ò 

 

 ñThat óDHS,ô that was very ambiguous.ò 

 

For 140-character messages, participants expressed similar sentiments: 

 

ñAnd a minor note, I got a little tripped up on MDT, and US DHS took me awhile. Itôs Department of 

Homeland Security. Those kinda tripped me up for a second, but yeah.ò 

 

ñI was confused. It [US DHS] looks like something, since Iôm a mom, itôs looks like something on the 

meat or something I buy. Thatôs the first thing that comes into my mind. Because, Iôm a mom.ò  

 

ñAnd Iôm thinking about all the middle school kids that have texts and smart phones and stuff now. 

Those kids obviously have no idea what that stuff is.ò 

Participants in the 1,380-character messages, focus groups also expressed similar sentiments: 

 

ñRight, what is MDT? I, I never, it sounds silly, Iôm like, you know when I was on the recording, I was 

like óMDTé Mountain Stanôé no, itôs not that. Iôm like, what is that? What does that mean? I felt kind 

of silly.ò 

 

Community event survey. The community survey allowed us to test residentsô familiarity with the NWS 

acronym. Among WEA recipients, 72% indicated that before receiving the WEA message, they believed 

óNWSô stood for the National Weather Service (310/429), 12% said some other phrase (51/429), and 16% did 

not know (68/429). 
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Conclusion. The public many have little or no understanding of some of the acronyms used in WEA messages. 

Hence, consideration should be given to modifying the system to discontinue the use of acronyms, educate the 

public about their meaning or increase the message length to allow for full text descriptions rather than 

acronyms. There may be unique exceptions. For example, NWS is an acronym that may be more familiar to the 

public than others. Among WEA message recipients in the Boulder Flood event, 72% were familiar with the 

NWS acronym. It is likely that in tornado alley, members of the public are well aware that NWS represents the 

National Weather Service.  

 

Future research. Research on the best strategy for addressing response delays attributable to unfamiliar 

acronyms is warranted. 

 

5.5 How to Best Express Time 

Think -out-loud interviews and focus groups. Participants were asked their reactions to how time is 

communicated in WEA messages of all three lengths under study. Both the absence of a message ñsentò time 

and the inclusion of a message ñexpirationò time caused confusion for some participants. Moreover, participants 

expressed mixed reactions and understanding of words such as ñnow,ò ñimmediatelyò and ñurgent.ò 

 

For example, for 90-character messages, some participants remarked that a ñsentò time was desirable: 

 

 ñWe only know when it stops [the warning] but we donôt know when it started.ò 

 

 ñAnd they would need a date. You know, a month and a date so we also know, like is  

it an old, old warning?ò 

 

ñWhen was this sent?!ò 

 

ñIf they would put an alert time, I think they do that on some child Amber AlertsðóAlert Issued Atô.ò  

 

Some participants in the 140-character messages focus groups expressed confusion regarding the ñexpirationò 

time: 

 

ñLike 9:00 p.m. [the warning expiration time, which was vague]. Because radiation doesnôt just, like, 

dissipate intoðyou knowðeven if itôs 20 hours away.ò  

 

ñI was kind of thrown off by óthe warning expires.ô I mean, that doesnôt really tell me if something has 

happened or what I should do or, you know, itôs not really informative on the warning [é].ò  

 

ñI think it would be easier if it would just say like óUpdate 9:00 p.m.ô You know, óWarning expiresô to 

me means like, yeah, thereôs no concern anymore about radiation, but chances are at 9:00 pm thereôs still 

gonna be things to talk about. So just saying like, óUpdate at 9:00 p.m.,ô cuts down your character limit, 

and itôs a lot clearer.ò  

 

Some participants in the 1,380-character messages focus groups considered what specific words would speed 

protective action taking: 
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ñI thought that if you said óimmediately,ô it would make me, I would move faster, you know? I think if 

you tell me how much time Iôve got to work with, Iôd try to plan it out and see what you could get done 

before, you know? But if itôs immediate, itôs almost not, immediateôs going to take a couple minutes, but 

you start going right away.ò 

 

Emergency management participants also considered what specific words would speed protective action taking:  

 

ñThe ónowô word for me is an important qualifier. Youôre telling me this is urgent, and I need to do it 

now. I need to not wait, prepareðso that specific word in a message implies, to me, urgency. And the 

action piece is important.ò  

 

ñI think that, potentially, the word óurgentô up front could make itðI think thereôs something about that 

word thatðpeople donôt hear it that often, and they realize if something starts with óurgent, take shelter,ô 

following the óDenver PD,ô something about that.ò 

 

Community event survey. After receiving the outdoor siren and message issued along the Boulder Creek, 

respondents reported that they thought they had between 0 to 270 minutes before the flood waters would reach 

them, with an average of 22.10 (SD 43.029, N=376). Just over half (52%, 196/376) reported 0 minutes (i.e., 

immediately), 19% reported between 1 and 10 minutes (73/376), and 28% reported more than 10 minutes 

(107/376).  

 

Conclusion. The way time is expressed in WEA messages may confuse the public. Currently, WEA messages 

express time by stating when the message expires so that such messages do not persist in perpetuity. This serves 

an important function, but also confuses the public and may delay action taking. If time is expressed in WEA 

messages with language about the time a message expires, consideration also should be given to communicating 

the time a message ñbeginsò (without increasing message length) to reduce public confusion. Specifically, 

messages should clearly state what time people should begin taking the recommended protective action. 

 

Future research. Focused research is needed on how to best communicate the onset of a WEA message 

without increasing message length. For example, if the word ñnowò or ñimmediatelyò is used, would 

capitalizing all the letters in those words help to communicate that the message is already in effect when people 

receive it. 

5.6 How to Best Express Location 

Think -out-loud interviews and focus groups. Participants were asked about their reactions to the way hazard 

location is expressed in WEA messages. Several participants suggested that the best way to express location 

would be to increase message length so that location descriptions could be added that included the names and 

geographical boundaries of the affected areas. Below are examples of participantsô comments: 

 

ñMaybe this isnôt a good analogy, but when you have a warning about tornadoes, for instance, they say 

for Adams, Arapahoe, and Denver counties, thereôs a tornado warning until 10 oôclock. I think if this 

were a bit more specific, like óaffecting Littleton, Arapahoe County, Elbert Countyô whatever, itôd be 

more informative.ò 

 

ñLike when weôre, we watch TV and theyôre like ótornadoô and they say the county, so thatôs sort of the 

way we already know that identifies where itôs at.ò  
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ñI think the best thing to do would just be to put counties on it, so just like storm warnings, so members 

of Jefferson, Adams, whatever counties. I think that would be better, ócause they you can tell better right 

away, cause everyone knows which county theyôre in.ò 

 

Community event survey. On average, WEA recipients thought the likelihood that the WEA message they 

received was meant for them was 4.59 (SD=1.630, N=427) on a six-point scale where 1 meant ñnot very likelyò 

and 6 meant ñextremely likely.ò More than a quarter (29%, 122/427) of WEA message recipients can be 

classified as thinking it was not likely, and 71% (305/427) can be classified as thinking it was likely that the 

message was meant for them. 

 

Conclusion. Given the 90-character limit of current WEA messages, the phrase ñin this areaò does not 

effectively work to communicate who is and who is not located within the risk area. Each WEA message that 

states ñin this areaò but does not apply to the individual receiving the message may train the receiver that the 

phrase ñin this areaò may not apply. The effectiveness of current WEA messages may remain suppressed until 

they can be distributed to finer geospatial targeted populations so that the messages only reach the people who 

are at risk.  

 

Future research. Research is needed to determine the degree to which the current approach to distributing 

WEA messages to a broad geographical area, which may include many people not at risk, may or may not be 

training the public to ignore WEA messages altogether. Also, a high priority research area is how to 

communicate in a WEA message who is and who is not at risk, for example, by including impact area maps, 

finer grained distribution, or the use of longer text messages that allow description of the risk area. 

5.7 Understanding of Alert and Warning Concepts 

Think -out-loud interviews and focus groups. Participants were asked about their understanding of the 

concepts used in alert and warning messages, for example, ñwatch,ò ñwarningò and ñshelter.ò While some 

participants understood the meaning of such terms, others did not. Below are examples of comments made by 

participants who considered 90-character messages; however, similar sentiments were expressed for the use of 

such terms in 140- and 1,380-character messages: 

 

ñJust thinking of the word ówarning,ô I know that in a weather reporting and alerts there are different 

levels. Thereôs a ówatch,ô a ówarning,ô an alert, and a hazardðI donôt know all the classificationsðbut it 

also makes me wonder on this how far along on the scale are we? Yeah. Imminent danger?ò 

 

ñThatôs the thing. I donôté Is that what it [ówarningô] means?ò 

 

ñAlso, I would assume that I would have been educated as to what óshelterô is prior to receipt of this 

message, through some sort of educational campaign.ò  

 

ñIt should say, ógo to the basementôðóstay insideôðor it should say, ógo to your schoolôðit should say 

something like, whaté I mean you say óshelter,ô yeah, is it like, is your house good enough?ò 

 

ñActually, I think a lot of people would [attempt to drive to a óshelterô]. Theyôd be looking for where do 

we go, where do we go?ò 

 

Community event survey. A total of 13% of WEA message recipients (62/485) reported that they heard the 

siren, and 44% reported that they heard both the siren and the message (212/485) issued by the outdoor warning 

sirens along Boulder Creek. These individuals also were asked how many feet above Boulder Creek they 
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thought represented moving to ñhigher ground.ò Responses ranged from 0 to 500, with an average of 20.44 feet 

(SD=48.112). A total of 61% reported 0 to 10 feet (85/140), and 39% reported more than 10 feet (55/140). 

 

Conclusion. The public may not understand basic alert and warning concepts. Messages should not rely on the 

assumption that the public understands terms such as shelter, evacuate and higher ground, since most people do 

not. Alert and warning messages that are short and contain concepts such as shelter, evacuate and higher 

ground will mean very different things to different people who receive the message. For example, the standard 

evacuate to higher ground tsunami message may mean twenty feet above sea level to some, and one hundred 

feet above sea level to others. Similar confusion exists regarding flood evacuation as evidenced in our 

community event survey. Short 90- and 140-character messages are, therefore, not likely to provide for public 

health and safety in rapid onset events such as a poison gas release in a subway, a locally generated tsunami, 

and more. For messages that are longer than 90 and 140characters, basic alert and warning concepts should be 

described to the extent possible. Short 90- and 140-character messages may work fine for events whose impact 

is not imminent. 

 

Future research. Cost benefit research is warranted to determine whether it is worth the investment it would 

take to replace 90-character messages with longer messages in which basic alert and warnings concepts could 

be described.  

5.8 Optimum Level of Fear Arousal 

Think -out-loud interviews and focus groups. The purpose of conducting focus group research on optimum 

fear arousal was to determine what level of fear (low, medium or high) produced optimized levels of message 

understanding, belief, personalization, decision making and milling. A total of six messages that were 90, 140 

and 1,380 characters in length were tested, and they elicited participant emotions ranging from panic to resolve 

(see Appendix F). No patterns were discerned; thus, it was not possible to answer this research question using 

this research method. 

 

Community event survey. A total of 87% (374/428) reported having checked local media, and 70% reported 

having avoided flood areas (300/429). The fear scale score was not correlated with the amount of time that 

elapsed from the time of WEA receipt until the respondent initiated checking local media (r=-.003, p=.954, 

n=351), nor was it correlated with the amount of time that elapsed from the time of WEA receipt until the 

respondent initiated avoiding flood areas (r=-.031, p=.600, n=286).  

 

Conclusion. Alert and warning messages elicit a wide range of varied emotional responses. Although, the 

impact of fear and other emotions have on public alert and warning response could not be clarified based on the 

Phase II experiments and focus groups, the community survey data allowed for testing the relationship between 

level of fear and behavioral outcomes. Findings showed that there is no relationship between level of fear and 

the amount of delay before respondents initiated checking local media and avoiding flood areas. Messages that 

are crafted specifically to maximize fear may not be effective in motivating protective actions. The role 

emotions may play in making sense of and responding to public alert and warning messages remains unclear. 

 

Future research. The role of message attributes on fear and other emotional outcomes should be further 

examined and taken into account. Particularly, research should examine how linking fear (and other emotions) 

to risk personalization may determine warning message responses. Given that no found prior research examined 

the role of emotions in responding to alert and warnings, this is a high priority research area.  
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6. Additional Research Question Findings 

6.1 WEA Diffusion Curve 

Community event survey. Diffusion of WEA messages was defined in this study as the amount of time 

passing between the time the WEA message was issued and the time it was read by the message recipient. A 

WEA Diffusion Curve was created using general population survey data. Of the respondents from the general 

population sample, 539 recalled whether or not they received the WEA message (539/597, 90%). A total of 223 

reported having received the first WEA (223/539, 41%). Of the 539 general sample respondents who 

remembered whether or not they received a WEA message, 59% did not receive the first WEA message 

(316/539), 36% received a message and remembered the time (193/539), and 5% remembered receiving the first 

WEA, but could not remember the time (30/539). Those who reported reading the WEA message before it was 

issued were recoded to ñzeroò minutes. Just over 15% of city residents received and read the first WEA 

message when it was issued, more than 20% read it within the first half hour, with just over a third of the 

population eventually reading the message (see the WEA Diffusion Curve in Appendix M).  

 

Conclusion. The WEA service distributed messages on a steep trajectory during the studied flood event, and 

was an effective alert technology in Boulder, which was its original sole intended purpose. More than 15% of 

city residents surveyed read the first WEA immediately at the time it was issued. The effectiveness of the WEA 

service is anticipated to grow as more people obtain phones that are WEA compatible. However, evidence 

suggests that some members of the public who receive WEA messages do not read them immediately when 

they are delivered, with a delay of more than 24 hours for some individuals. Additional outreach and education 

about the WEA service and WEA messages are needed to help speed the rate at which members of the general 

public read the WEA messages they receive. 

6.2 Guidance Mobilization Curve 

Community event survey. A mobilization curve representing the milling action ñcheck local media,ò that is, 

the guidance indicated in the WEA message, was created using the WEA survey sample. Of respondents who 

received the first WEA message (i.e., members of the WEA sample), 86% remembered whether or not they 

checked local media (428/496). Of those who recalled whether or not they checked local media, 87% indicated 

that they had checked local media (374/428), and 13% did not (54/428). Of this group, 32% (137/428) reported 

having checked local media before the first WEA message was issued (represented as negative numbers 

indicating the number of minutes before the first WEA was issued), 44% (188/428) reported checking local 

media when the first WEA was issued (represented as zero minutes) or later, 13% (54/428) reported not 

checking local media, and 11% (49/428) reported not remembering when they did so. Time checking local 

media ranged from 14 hours and 15 minutes before the first WEA was issued to 23 hours and 30 minutes after 

the first WEA was issued. About a third of the sample had been checking local media prior to the issuance of 

the first WEA message, with an increase to almost 50% within the first 15 minutes following the message 

delivery (see the mobilization curve for this guidance action in Appendix M). 

 

Conclusion. The Boulder initial WEA message was effective in motivating people to follow the recommended 

guidance to check local media. Study results provide the first evidence that WEA messages can be effective in 

reaching and motivating immediate action taking, at least in the case of milling, among a portion of the general 

public. WEA holds great promise of becoming an integral component of the nationôs alert and warning 

mechanism. Public education about the WEA service, WEA messages and hazards in general may increase the 

rate of public response. 
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6.3 Validation of Experimental Optimized Outcome Measures 

Community event survey. The community event survey provided the rare opportunity to test the relationship 

between the cognitive outcome measures used in the experiments and the ultimate behavioral dependent 

variables they sought to represent. Five of these six relationships were statistically significant. The only 

relationship that was not significant was the one between the personalization scale score and the amount of time 

that elapsed before WEA recipients began checking local media. Specifically, the interpretation scale score was 

negatively associated with delay until checking local media (r=-.163, p=.007, df=268); the greater the 

interpretation, the shorter the delay in initiating the protective action. The interpretation (r=-.133, p=.015, 

df=332) and personalization (r=-.128, p=.031, df=280) scale scores were negatively associated with time delay 

until respondents began avoiding flood areas; the greater the interpretation and personalization, the shorter the 

delay in initiating the protective action (See the correlation matrix included in Appendix N). 

 

Conclusion. Evidence supports the outcome scale scores used in the Phase II experiments. The fact that both 

the interpretation and personalization scale scores correlated with behavioral outcomes lends further credibility 

to the Phase II findings. Theory-based scales created to measure cognitive constructs can be effectively used in 

warnings and risk communication research. It is not particularly surprising that the relationship between the 

personalization scale score and time delay until checking local media was not significant given the fact that the 

protective action, ñcheck local mediaò is relatively routine compared to other protective actions. Furthermore, 

members of the public may be inclined to check local media during weather events because of curiosity, even 

when they do not feel they are the intended recipients of the message. 

 

Future research. Future research should investigate the importance of personalization for different 

recommended protective actions as in the community event survey we only examined check local media (i.e., 

milling). 

6.4 Serendipitous Findings 

Focus group participants repeatedly raised an issue that was not anticipated in the focus group research. It was 

that visual stimuli including bullets, bolding, iconography (source logo or seal, for example), indentation, font 

size, color, or italics, etc. might influence their message interpretation and subsequent message response. 

Participants also pointed out the role and influence of audible tones preceding warning messages. Some 

participants indicated that the type and severity of an audible tone preceding warning message receipt would 

influence their subsequent interpretation and response. Sound, color, size, shape and style could all potentially 

influence WEA message interpretation and subsequent response, but it is not yet known how. These topics 

should be investigated in future research.  

 

7. Optimized Messages and Templates  

7.1 Optimized Test Messages 

Construction of the optimized test messages. After the think-out-loud interviews, focus groups and 

experiments, the projectôs test messages were revised to be consistent with research results regarding which 

message content and order optimized factors that historical research has documented to enhance public 

protective action taking. These templates merit further revision should additional characters be added to WEAs 

(e.g., moving from a 90-character limit to a 280-character limit), as well as consideration of different map 

elements. Optimized message factors included interpretation (understanding, believing, deciding), personalizing 

and milling. The resulting optimized 90-, 140- and 1,380-character messages (with high information maps) for 
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the radiological, shooter and tsunami hazards test messages follow. The five key alert and warning contents 

elements in these messages are color coded as follows: source, guidance, hazard, location, and termination time. 

These messages are for specific hazards, but their content topics and order are applicable across hazards. 

Although the 90- and 140-character messages that follow are optimized, project results also document that they 

may be too short to complete the public alert and warning mission; however, 1,380-character optimized 

messages have sufficient length and content to maximize public health and safety. 

 

 

 

Optimized 90-character radiological hazard WEA message. Cal EMA Take shelter now Radiological 

Hazard Warning in this area until 12:00AM PDT 

                                   

 

Optimized 90-character shooter hazard WEA message. Cal EMA Take shelter now Law Enforcement 

Warning in this area until 4:00 pm PDT  

 

Optimized 90-character tsunami hazard WEA message. Cal EMA Evacuate now Tsunami Warning in this 

area until 9:00 PM PDT  

Key: source guidance hazard location termination time 

You 

Key: source guidance hazard location termination time 
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Optimized 140-character radiological hazard message. Cal EMA Shelter in a sturdy building within 5 min 

Nuclear explosion in LA Radiation blowing toward Orange County Warning expires 9:00 PM PDT  

 

 

 

 

 

Optimized 140-character shooter hazard message. Cal EMA If you are in Mall, evacuate if safe Hide if 

shooter nearby People shot at Brea Shopping Mall Warning expires 9:00 PM PDT  

 

 

You 

You 

Key: source guidance hazard location termination time 
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Optimized 140-character tsunami hazard message. Cal EMA Evacuate to higher ground now Tsunami 

Warning Waves over 40 feet above sea level in Orange County Warning expires 9:00 PM PDT  

 

 

 

 

 

Optimized 1,380-character radiological hazard message. California Emergency Management Agency. A 

nuclear explosion occurred in Los Angeles at 1:00 PM PDT. High levels of radiation are blowing southeast in 

the wind and falling to the ground. Exposure to radiation can be deadly and cause illness. The affected area 

includes: all of Los Angeles and Orange counties, western Riverside County from I-15 west, and northern San 

Diego County from Oceanside north. This is a Mandatory Shelter Order. You can increase your chances of 

surviving by immediately going deep inside a tall building, basement, underground garage or earth covered 

tunnel. Shelters of brick, concrete, and earth protect best. Stay in the building you are in unless you can reach a 

better shelter in less than 5 minutes. Close windows, doors, and fireplace dampers. Turn off heat, air and 

ventilation systems. Do not evacuate. Stop driving and take shelter. You and your loved ones will receive less 

radiation in a shelter no matter how fast you drive. Do not go to schools to get children. School children are 

being sheltered and cared for. We will give you more information later about how to reunite with them. If you 

are not in the area, stay out. Stay in your shelter until 1:00 PM PDT March 17, 2013. Keep listening to this and 

other media for more information and official updates. This message expires at 12:00AM PDT. 

 

 

 

 

You 

Key: source guidance hazard location termination time 



 

49 

  

 

 

 

Optimized 1,380-character shooter hazard message. California Emergency Management Agency. People 

were shot at the Brea Shopping Mall food court beginning at 2:00 PM PDT. Police believe that the shooter is 

still inside the Mall. The shooter is armed and deadly. This Police Warning is for the Brea Shopping Mall and 

surrounding areas. If you are in the Mall and a safe escape path is available use it now. Leave your belongings. 

Help others escape if possible. Do not move wounded people. If you see the police, keep your hands visible and 

follow their instructions. If you are in the Mall near the shooter and cannot escape, find a protected place to hide 

out of the shooterôs view. Do not restrict your escape options. Lock and blockade the door. Silence all sources 

of noise and remain quiet. If evacuation and hiding are not possible, dial 911. If you cannot speak, leave the line 

open and allow the dispatcher to listen. As a last resort, and only if your life is in danger, attempt to stop the 

shooter by throwing items, yelling, or using things around you as weapons. If you are concerned about someone 

who may be inside the Mall, do not to call them. This could alert the shooter to their location. If you are not 

inside the Mall, stay out. Stay away from the Mall until further notice. Keep listening to this and other media for 

more information and official updates. This message expires at 4:00PM PDT.  

 

 

 

  

You 

Key: source guidance hazard location termination time 
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Optimized 1,380-character tsunami hazard message. California Emergency Management Agency. A large 

earthquake occurred off the coast of Washington state at 1:00 PM PDT. It has generated a tsunami. The first 

wave will hit the Orange County coastline at 1:45 PM PDT. Other larger waves will strike over many hours. 

The waves will move onshore very quickly, and may reach heights of 40 feet above sea level or higher. 

Tsunami waves can be deadly and cause injury and widespread damage. This Tsunami Warning is issued for the 

entire Orange County coastline and all surrounding low-lying areas. You will be safest if you immediately get 

to high ground of at least 50 feet or more if you are on or near a beach anywhere in Orange County. If you 

cannot reach high ground, evacuate to an upper floor of a high-rise building, if one is available. Evacuate out of 

the area only if you know where the tsunami run-up zone ends and if you can cross its boundary no later than 

1:40 PM PDT. If you see the ocean water pull back and expose the sea floor, run to high ground as fast as you 

can because a tsunami will strike in a few moments. If you are not in a tsunami impact area, stay away. Once 

you are in a safe location, stay there until advised by officials that it is safe to leave. Keep listening to this and 

other media for more information and official updates. This message expires at 9:00PM PDT. 

 

 

7.2 Optimized Message Templates 

 

 

 

Construction of optimized message templates. Three sets of optimized message templates (for the 

radiological, shooter and tsunami study hazards) for 90-, 140- and 1,380-character messages are provided 

below. The five key alert and warning content elements in these messages remain color coded as follows: 

source, guidance, hazard, location and termination time. 

 

Optimized 90-character radiological hazard WEA message template. source guidance hazard location and 

termination time. 

Optimized 90-character mall shooter hazard WEA message template. source guidance hazard location and 

termination time. 

 

 

 

You 

Key: source guidance hazard location termination time 

Key: source guidance hazard location termination time 
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Optimized 90-character tsunami hazard WEA message template. source guidance hazard location and 

termination time. 

Optimized 140-character radiological hazard message template. [insert name of a local and familiar 

message source] Shelter in a sturdy building within 5 min Nuclear explosion in [ insert location here] Radiation 

blowing toward [ insert location here]  Warning expires [ insert time here] [limit the length of this message to 

140 characters including spaces] . 

 

Optimized 140-character mall shooter hazard message template. [insert name of a local and familiar 

message source]  If you are in Mall, evacuate if safe Hide if shooter nearby People shot in [ insert name of mall 

here]  Warning expires [insert time here] [limit the length of this message to 140 characters including spaces] . 

 

Optimized 140-character tsunami hazard message template. [insert name of a local and familiar message 

source]  Evacuate to higher ground now Tsunami Warning Waves over [ insert height in feet here]  in [ insert 

location here]  Warning expires [ insert time here] [limit the length of this message to 140 characters including 

spaces] . 

 

Optimized 1,380-character radiological hazard message template. [insert name of a local and familiar 

message source] . A nuclear explosion occurred in [insert location here] at [insert time here]. High levels of 

radiation are blowing [insert wind direction here] in the wind and falling to the ground. Exposure to radiation 

can be deadly and cause illness. The affected area includes: [insert a readily identifiable description of the 

plumeôs northern, southern, eastern, and western boundaries here]. This is a Mandatory Shelter Order. You can 

increase your chances of surviving by immediately going deep inside a tall building, basement, underground 

garage or earth covered tunnel. Shelters of brick, concrete, and earth protect best. Stay in the building you are in 

unless you can reach a better shelter in less than 5 minutes. Close windows, doors, and fireplace dampers. Turn 

off heat, air and ventilation systems. Do not evacuate. Stop driving and take shelter. You and your loved ones 

will receive less radiation in a shelter no matter how fast you drive. [insert the following if it is part of your 

radiological emergency plan: Do not go to schools to get children. School children are being sheltered and 

cared for. We will give you more information later about how to reunite with them.] If you are not in the area, 

stay out. Stay in your shelter until [insert time and date here]. Keep listening to this and other media for more 

information and official updates. This message expires at [insert time here]. [limit the length of this message to 

1,380 characters including spaces] . 

 

Optimized 1,380-character mall-shooter hazard message template. [insert name of a local and familiar 

message source] . People were shot at the [insert a readily identifiable name or description of the location here] 

beginning at [insert time here]. Police believe that the shooter is still [insert location here]. The shooter is armed 

and deadly. This Police Warning is for the Brea Shopping Mall and surrounding areas. If you are in [insert mall 

name here] and a safe escape path is available use it now. Leave your belongings. Help others escape if 

possible. Do not move wounded people. If you see the police, keep your hands visible and follow their 

instructions. If you are in the mall near the shooter and cannot escape, find a protected place to hide out of the 

shooterôs view. Do not restrict your escape options. Lock and blockade the door. Silence all sources of noise 

and remain quiet. If evacuation and hiding are not possible, dial 911. If you cannot speak, leave the line open 

and allow the dispatcher to listen. As a last resort, and only if your life is in danger, attempt to stop the shooter 

by throwing items, yelling, or using things around you as weapons. If you are concerned about someone who 

may be inside [insert mall name here], do not to call them. This could alert the shooter to their location. If you 

are not inside [insert mall name here], stay out. Stay away from [insert mall name here] until further notice. 

Keep listening to this and other media for more information and official updates. This message expires at [insert 

time here]. [limit the length of this message to 1,380 characters including spaces] . 

Key: source guidance hazard location termination time 
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Optimized 1,380-character tsunami hazard message template. [insert name of a local and familiar message 

source] . A large earthquake occurred off the coast of [name location here] at [insert time here]. It has generated 

a tsunami. The first wave will hit [name the at risk coastline here] at [inset time here]. Other larger waves will 

strike over many hours. The waves will move onshore very quickly, and may reach heights of [insert estimated 

wave height here] above sea level or higher. Tsunami waves can be deadly and cause injury and widespread 

damage. This Tsunami Warning is issued for the entire Orange County coastline and all surrounding low-lying 

areas. You will be safest if you immediately get to high ground of at least 50 feet or more if you are on or near a 

beach anywhere in [insert the name of or a description of the coastline at risk here]. If you cannot reach high 

ground, evacuate to an upper floor of a high-rise building, if one is available. Evacuate out of the area only if 

you know where the tsunami run-up zone ends and if you can cross its boundary no later than [insert estimated 

time of tsunamis arrival here]. If you see the ocean water pull back and expose the sea floor, run to high ground 

as fast as you can because a tsunami will strike in a few moments. If you are not in a tsunami impact area, stay 

away. Once you are in a safe location, stay there until advised by officials that it is safe to leave. Keep listening 

to this and other media for more information and official updates. This message expires at [insert time here]. 

[limit the length of this message to 1,380 characters including spaces] . 

Key: source guidance hazard location termination time 
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Appendix A: Experimental Designs  
Table 1: Experiment 1 Design (Conducted Online): 

90-Character Messages Mobile Devices (Order, Source, Maps) 

 

Unique Message #: 

Experiment 1 

Order 

Experiment 2 

Source  

Experiment 3 

Maps 

1 2 3 4 5 6 7 8 1 9 10 1 11 12 

Message Feature  1 2 3 4 5 6 1 2 3* 4  5 1* 2 3 

Order ï 1 (HLTGS) *WEA Standard X      X X X X X X X X 

Order ï 2 (HLGTS)  X             

Order ï 3 (GTHLS)   X            

Order ï 4 (SHLTG)     X           

Order ï 5 (SGHLT)     X          

Order ï 6 (GHLTS)       X          

Source level ï 1 (local)       X        

Source level ï 2 (state)        X       

Source level ï 3 (federal) X X X X X X   X   X X X 

Source level ï 4 (IPAWS)          X     

Source level ï 5 (CDC)           X    

Maps ï 1 (absent) X X X X X X X X X X X X   

Maps ï 2 (low information)              X  

Maps ï 3 (high information)              X 

 

Table 2: Experiment 4 Design (Conducted Online):  

1,380-Character Message for Mobile Devices (Relative Importance of Content Elements) 

Unique Message #: 13 14 15 16 17 18 

Message Feature   1 2 3 4 5 6 

Element ï 1 (Source)   X   X X X X 

Element ï 2 (Guidance specificity, including time, milling) X X   X X X 

Element ï 3 (Hazard specificity) X X  X   X X 

Element ï 4 (Location specificity, including map)  X X X X   X 

Element ï 5 (Termination specificity) X X X X  X   

 



 

60 

  

Table 3: Experiment 5, 6, and 7 Design (Conducted Online):  

90-, 140-, and 1,380-Character Messages for Mobile Devices (Generalizability across Hazards)  

Unique Message #: 

Experiment 5 

90  

Generalizability 

Experiment 6 

140  

Generalizability 

Experiment 7 

1,380 

Generalizability 

19 20 21 22 23 24 13 25 26 

Message Feature  1 2 3 1 2 3 1 2 3 

Length ï 1 (90 characters) X X X       

Length ï 2 (140 characters)    X X X    

Length ï 3 (1,380 characters)       X X X 

Hazard Type ï 1 (Improvised Nuclear 

Device) 

X   X   X   

Hazard Type ï 2 (Active Shooter)  X   X   X  

Hazard Type ï 3 (Tsunami)   X   X   X 

 

Table 4: Experiment 8 Design (Conducted in the Laboratory):  

90-, 140-, and 1,380-Character Messages for Mobile Devices (Relative 

Efficacy 

Unique Message #: 1 19 22 13 

Message Feature  1 2 3 4 

Length ï 1 (90 characters ï STANDARD WEA) X    

Length ï 2 (90 characters ï optimized)  X   

Length ï 3 (140 characters ï optimized)   X  

Length ï 4 (1,380 characters ï optimized)    X 
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Appendix B: Experimental Messages 
 

Table 5:  Experimental Messages 

 

Message 

Number Message Text Maps 

1 

90 WEA 

Current 

Radiological Hazard Warning in this area until 12:00AM PDT Take shelter now 

US DHS 

NONE 

2 

90 HLGTS 

Radiological Hazard Warning in this area Take shelter now until 12:00AM PDT 

US DHS 

NONE 

3 

90 GTHLS 

Take shelter now until 12:00AM PDT Radiological Hazard Warning in this area 

US DHS 

NONE 

4 

90 SHLTG 

US DHS Radiological Hazard Warning in this area until 12:00AM PDT Take 

shelter now 

NONE 

5 

90 SGHLT 

US DHS Take shelter now Radiological Hazard Warning in this area until 

12:00AM PDT 

NONE 

6 

90 GHLTS 

Take shelter now Radiological Hazard Warning in this area until 12:00AM PDT 

US DHS  

NONE 

7 

90 Local 

Radiological Hazard Warning in this area until 12:00AM PDT Take shelter now 

OCFA 

NONE 

8 

90 State 

Radiological Hazard Warning in this area until 12:00AM PDT Take shelter now 

CAL EMA 

NONE 

9 

90 WEA 

Radiological Hazard Warning in this area until 12:00AM PDT Take shelter now 

WEA 

NONE 

10 

90 CDC 

Radiological Hazard Warning in this area until 12:00AM PDT Take shelter now 

CDC 

NONE 

11 

90 Map-

Low 

Radiological Hazard Warning in this area until 12:00AM PDT Take shelter now 

US DHS 

A 

12 

90 Map-

High 

Radiological Hazard Warning in this area until 12:00AM PDT Take shelter now 

US DHS 

B 

13 

1380 Best 

Full 

CAL EMA. This is a Mandatory Shelter Order. You can increase your chances of 

surviving by immediately going deep inside a tall building, basement, 

underground garage or earth covered tunnel. Shelters of brick, concrete, and earth 

protect best. Stay in the building you are in unless you can reach a better shelter in 

less than 5 minutes. Close windows, doors, and fireplace dampers. Turn off heat, 

air and ventilation systems. Do not evacuate. Stop driving and take shelter. You 

and your loved ones will receive less radiation in a shelter no matter how fast you 

drive. Do not go to schools to get children. School children are being sheltered 

and cared for. We will give you more information later about how to reunite with 

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

Key: source guidance hazard location termination time 
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them. If you are not in the area, stay out. Stay in your shelter until 1:00 PM PDT 

March 17, 2013. Keep listening to this and other media for more information and 

official updates. A nuclear explosion occurred in Los Angeles at 1:00 PM PDT. 

High levels of radiation are blowing southeast in the wind and falling to the 

ground. Exposure to radiation can be deadly and cause illness. The affected area 

includes: all of Los Angeles and Orange counties, western Riverside County from 

I-15 west, and northern San Diego County from Oceanside north. This message 

expires at 12:00AM PDT. 

EMA 

MAP B 

14 

1380 Omit: 

Source 

This is a Mandatory Shelter Order. You can increase your chances of surviving by 

immediately going deep inside a tall building, basement, underground garage or 

earth covered tunnel. Shelters of brick, concrete, and earth protect best. Stay in the 

building you are in unless you can reach a better shelter in less than 5 minutes. 

Close windows, doors, and fireplace dampers. Turn off heat, air and ventilation 

systems. Do not evacuate. Stop driving and take shelter. You and your loved ones 

will receive less radiation in a shelter no matter how fast you drive. Do not go to 

schools to get children. School children are being sheltered and cared for. We will 

give you more information later about how to reunite with them. If you are not in 

the area, stay out. Stay in your shelter until 1:00 PM PDT March 17, 2013. Keep 

listening to this and other media for more information and official updates. A 

nuclear explosion occurred in Los Angeles at 1:00 PM PDT. High levels of 

radiation are blowing southeast in the wind and falling to the ground. Exposure to 

radiation can be deadly and cause illness. The affected area includes: all of Los 

Angeles and Orange counties, western Riverside County from I-15 west, and 

northern San Diego County from Oceanside north. This message expires at 

12:00AM PDT. 

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

EMA 

MAP B 

15 

1380 Omit: 

Guidance 

CAL EMA. A nuclear explosion occurred in Los Angeles at 1:00 PM PDT. High 

levels of radiation are blowing southeast in the wind and falling to the ground. 

Exposure to radiation can be deadly and cause illness. The affected area includes: 

all of Los Angeles and Orange counties, western Riverside County from I-15 

west, and northern San Diego County from Oceanside north. This message expires 

at 12:00AM PDT. 

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

EMA 

MAP B 

16 

1380 Omit: 

Hazard 

CAL EMA. This is a Mandatory Shelter Order. You can increase your chances of 

surviving by immediately going deep inside a tall building, basement, 

underground garage or earth covered tunnel. Shelters of brick, concrete, and earth 

protect best. Stay in the building you are in unless you can reach a better shelter in 

less than 5 minutes. Close windows, doors, and fireplace dampers. Turn off heat, 

air and ventilation systems. Do not evacuate. Stop driving and take shelter. You 

and your loved ones will receive less radiation in a shelter no matter how fast you 

drive. Do not go to schools to get children. School children are being sheltered 

and cared for. We will give you more information later about how to reunite with 

them. If you are not in the area, stay out. Stay in your shelter until 1:00 PM PDT 

March 17, 2013. Keep listening to this and other media for more information and 

official updates. The affected area includes: all of Los Angeles and Orange 

counties, western Riverside County from I-15 west, and northern San Diego 

County from Oceanside north. This message expires at 12:00AM PDT. 

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

EMA 

MAP B 
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17 

1380 Omit: 

Location 

CAL EMA. This is a Mandatory Shelter Order. You can increase your chances of 

surviving by immediately going deep inside a tall building, basement, 

underground garage or earth covered tunnel. Shelters of brick, concrete, and earth 

protect best. Stay in the building you are in unless you can reach a better shelter in 

less than 5 minutes. Close windows, doors, and fireplace dampers. Turn off heat, 

air and ventilation systems. Do not evacuate. Stop driving and take shelter. You 

and your loved ones will receive less radiation in a shelter no matter how fast you 

drive. Do not go to schools to get children. School children are being sheltered 

and cared for. We will give you more information later about how to reunite with 

them. If you are not in the area, stay out. Stay in your shelter until 1:00 PM PDT 

March 17, 2013. Keep listening to this and other media for more information and 

official updates. A nuclear explosion occurred in Los Angeles at 1:00 PM PDT. 

High levels of radiation are blowing southeast in the wind and falling to the 

ground. Exposure to radiation can be deadly and cause illness. This message 

expires at 12:00AM PDT. 

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

EMA 

MAP B 

18 

1380 Omit: 

Termi-

nation 

CAL EMA. This is a Mandatory Shelter Order. You can increase your chances of 

surviving by immediately going deep inside a tall building, basement, 

underground garage or earth covered tunnel. Shelters of brick, concrete, and earth 

protect best. Stay in the building you are in unless you can reach a better shelter in 

less than 5 minutes. Close windows, doors, and fireplace dampers. Turn off heat, 

air and ventilation systems. Do not evacuate. Stop driving and take shelter. You 

and your loved ones will receive less radiation in a shelter no matter how fast you 

drive. Do not go to schools to get children. School children are being sheltered 

and cared for. We will give you more information later about how to reunite with 

them. If you are not in the area, stay out. Stay in your shelter until 1:00 PM PDT 

March 17, 2013. Keep listening to this and other media for more information and 

official updates. A nuclear explosion occurred in Los Angeles at 1:00 PM PDT. 

High levels of radiation are blowing southeast in the wind and falling to the 

ground. Exposure to radiation can be deadly and cause illness. The affected area 

includes: all of Los Angeles and Orange counties, western Riverside County from 

I-15 west, and northern San Diego County from Oceanside north.  

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

EMA 

MAP B 

19 

Best 90 ï

IND 

CAL EMA Take shelter now Radiological Hazard Warning in this area until 

12:00AM PDT  

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1 

RESULTS] 

 

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

EMA 

MAP B 

20 

Best 90 ï 

Shooter 

CAL EMA Take shelter now Law Enforcement Warning in this area until 4:00 pm 

PDT  

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1 

RESULTS] 

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

EMA 

MAP B 
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21  

Best 90 ï 

Tsunami 

CAL EMA Evacuate now Tsunami Warning in this area until 9:00 PM PDT  

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1 

RESULTS] 

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

EMA 

MAP B 

22 

Best 140 ï 

IND 

CAL EMA Shelter in a sturdy building within 5 min Nuclear explosion in LA 

Radiation blowing toward Orange County Warning expires 9:00 PM PDT  

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1 

RESULTS] 

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

EMA 

MAP B 

23 

Best 140 ï 

Shooter 

CAL EMA If you are in Mall, evacuate if safe Hide if shooter nearby People shot 

at Brea Shopping Mall Warning expires 9:00 PM PDT  

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1 

RESULTS] 

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

EMA 

MAP B 

24 

Best 140 ï 

Tsunami 

CAL EMA Evacuate to higher ground now Tsunami Warning Waves over 40 feet 

above sea level in Orange County Warning expires 9:00 PM PDT  

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1 

RESULTS] 

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

EMA 

MAP B 

25 

Best 1380 

ï Shooter  

CAL EMA. If you are in the Mall and a safe escape path is available use it now. 

Leave your belongings. Help others escape if possible. Do not move wounded 

people. If you see the police, keep your hands visible and follow their 

instructions. If you are in the Mall near the shooter and cannot escape, find a 

protected place to hide out of the shooterôs view. Do not restrict your escape 

options. Lock and blockade the door. Silence all sources of noise and remain 

quiet. If evacuation and hiding are not possible, dial 911. If you cannot speak, 

leave the line open and allow the dispatcher to listen. As a last resort, and only if 

your life is in danger, attempt to stop the shooter by throwing items, yelling, or 

using things around you as weapons. If you are concerned about someone who 

may be inside the Mall, do not to call them. This could alert the shooter to their 

location. If you are not inside the Mall, stay out. Stay away from the Mall until 

further notice. Keep listening to this and other media for more information and 

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

EMA 

MAP B 
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Map Descriptions  

Map A: IND (Radiological Hazard) Low Information 

Map B: IND (Radiological Hazard) High Information 

Map C: Shooter Low Information 

Map D: Shooter High Information 

Map E: Tsunami Low Information 

Map F: Tsunami High Information 

 

official updates. People were shot at the Brea Shopping Mall food court beginning 

at 2:00 PM PDT. Police believe that the shooter is still inside the Mall. The 

shooter is armed and deadly. This Police Warning is for the Brea Shopping Mall 

and surrounding areas. This message expires at 4:00PM PDT.  

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1 

RESULTS] 

26 

Best 1380 ï 

Tsunami 

CAL EMA. You will be safest if you immediately get to high ground of at least 50 

feet or more if you are on or near a beach anywhere in Orange County. If you 

cannot reach high ground, evacuate to an upper floor of a high-rise building, if one 

is available. Evacuate out of the area only if you know where the tsunami run-up 

zone ends and if you can cross its boundary no later than 1:40 PM PDT. If you see 

the ocean water pull back and expose the sea floor, run to high ground as fast as 

you can because a tsunami will strike in a few moments. If you are not in a 

tsunami impact area, stay away. Once you are in a safe location, stay there until 

advised by officials that it is safe to leave. Keep listening to this and other media 

for more information and official updates. A large earthquake occurred off the 

coast of Washington state at 1:00 PM PDT. It has generated a tsunami. The first 

wave will hit the Orange County coastline at 1:45 PM PDT. Other larger waves 

will strike over many hours. The waves will move onshore very quickly, and may 

reach heights of 40 feet above sea level or higher. Tsunami waves can be deadly 

and cause injury and widespread damage. This Tsunami Warning is issued for the 

entire Orange County coastline and all surrounding low-lying areas. This message 

expires at 9:00PM PDT. 

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1 

RESULTS] 

BEST 

ORDER, 

SOURCE, 

MAP: 

SGHLT 

CAL 

EMA 

MAP B 

Key: source guidance hazard location termination time 
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Appendix C: Experimental Maps  

 
Map A (Low Information Radiation Map) 

 
Map B (High Information Radiation Map) 

 

 

Map C (Low Information Shooter Map) 

 

 

Map D (High Information Shooter Map) 

 

   

Map E (Low Information Tsunami Map) 

 

Map F (High Information Tsunami Map) 

 

You 

You 



 

67 

  

Appendix D: Example Questionnaires from Internet and 

Laboratory Experiments 
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