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Executive Summary

This project sought to determine thtimized message contenfamminent threat wireless emergency alert
(WEA) messages delivered over mobile communication devices. This report presents findimgdifsr WEA
messages disseminated about imminent threatsfifisé alert messagedyom two research phases with U.S.
adults: (1) eight experiments, seven focus groups and 5@dhbidkud interviewsand (2) a survey of an actual
ir eal severefloddon Boulder,@oradao It also integrates findings from across study methods and
providesactionable guidance and considerations é@timized message contenfSmminent onehourto-
impact threat alerts delivered over mobile communication devices.

Primary conclusions from the research performed to date are:

1. Short alert and warng messages are unlike any others. The optimized order of their contents is unique; the
limited length constrains public understanding of the message stusceot immediately clear for some
recipients whether the message is meant for thieenkey 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 sh
messages cannot eeveathazardpecifigperceptibndlénse the h@t messages in use

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

2. There are pathways forward to optimize today?éb
message contents could put into practice; message sources of a particular kind could be selected; and a pub
education and marketing campaign about the WEA service could be conducted.

3. The projectds findings provi dVEAandwarng meéssages thas i g
could exist in the future. These messages would not rely on information provided by others, but would instea
be sufficient to motivate public protectiaetiontakingon their own. In addition to putting into practice an
alternative ordeof 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 preciselwhgt 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 contenssdifferent order for the content contained in®G@racer 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, lottan and time. Although this alternative order only had a statistically weak advantage ove
the current WEA message content order, if put into practice, the effect of the revised order could be substant
considering how many more people in a populatiois& might be inclined to take action in response to the
revised order. The qualitative research provided supottiis optimized message order for lelfaracter
messages; however, it does not appear to transfer to-dhd8acter messages for whitie toptimized order

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

2. Message sourc&ource in 9&haracter messages had a statistically significant effect on somersstisg

public response outcomes including interpretation (understarukhgying and deciding) and personalization,
and, hence, likelihood of protective actitaking. 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 morsivelycduggest 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 s
source that wrks for all WEA messages. The same conclusions were reached based on qualitative
investigations of 140and 1,386character messages.

3. Map inclusion High information map inclusion (specifying the areas affe@szhaot affected and the

r e ¢ e i ogaion)dns96character 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 actiortaking. Inclusion of a lovinformation map (specifying the areas affected and not affected, but
not the receivero6s |l ocation) had the opposite ef
inclusion of a high informati on ma pandnmslppersonaizitiomo s
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 t@ 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 elemer@iidance and hazard message content elements playenldse
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 pegitive 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 froftcha&ter WEA message
optimized outcomes because they are the most important content elements. These findings suggesté¢hat the
content of a public alert and warning Tell people exactly what to do (guidance), describe why they should do
it (hazad) and by when (timeYhose 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 typ8siort 906 and 146character messages were sabgally less effective than
1,380character messages at helping people overcome thappoeived perceptions about different hazards

and likely would be less effective at guiding people to take protective actions appropriate to the risk they face
anactual event. In this study, the content elements of icB88acter messages have standardized effects on
outcomes regardless of hazard type (generhlizeoss hazards). However,-@hd 146character messages did

not. Shorter messages do not appeaotdain 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 cffentally less/alueto
effectively manage public alert and warning response than longer messages.

6. Message length efficacyhe scientific evidence assembled led to the conclusion that messages that are 1,3
characters appear to produce optimizedrprietation, personalization and milling outcomes, and would likely
yield maximized public protective actigaking behavior. Shorter messages that are 90 andribdcters

appear less effective at guiding people toward protective atidmg However90-character WEAs are

rapidly distributed and quickly reach a large percentageaskapopulations, as found in our community event
survey What is likely the case is that people need to be provided with sufficiently detailed information about
exactlywhat steps to take to protect themselves, and the number of characters needed to accomplish this like
varies across hazardgherefore, consideration should be given to increasing the character limit of WEAs to a
length that could optimize protectiaeion-taking and technology constraints.

7. Inclusion of auniform resource locator (URLE onsideration should be giveniteluding aURL in wireless
emergency alert and warning messages of any length. Doing so would be consistent withstanbting
4




historical observation that people who are warned engage in a search for additional information before taking
protective action, anthiswas 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 receigssage with a URDelaytime

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 serviceContinued outreach and education about tlEgA\8ervice may help to

speed the rate at which members of the general public read and respond to WEA nfésstggs from the
community event survey suggest that some members of the public who receive WEA messages do not read
them immediately when theyre delivered. Survey findings further suggest that, when received and read, WEA
messages can be effective at reaching and motivating immediate protectivaagtigramong a portion of the
general public. For example, community event survey resultglrthat about a third of the population had

been checking local media prior to the issuance of the first WEA message, with an increase to gderoshb0
within the first 15 minutes following the message delivery.

9. Understanding of acronym$he publc may havdittle 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 leloytifdoo falll text

descriptions rather than acronyms. There may be unique exceptions. For eXaengdeonynNWS which
standdor the National Weather Serviamay be more familiar to the public, as found in our community event
survey.

10.How to besexpress timeThe 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 perpe!
However, expressing time this way is confusing, and peatgntife threatening. If time is expressed in WEA
messages with language about the time a message expires, consideration also should be given to communic
the time a message fAbeginso (without iForexarepiesfi ng
the words Anowo or Ai mmedi atelyo are used, would
communicate that the message is already in effect when people receive it? Would providing concrete times
when people should begin taking prdiee action help communicate urgency even more effectively?

11.How to best express locatioBiventhe96c har act er | i mit of current WE
areao does not effectively work to coskamarorcate w
examplemore than a quarter of WEA message recipients from our community event survey did not think that
the message was meant for them. Furthernrsoec h WEA di ssemi nated message
does not apply to the indviu a | receiving the message may train |
may not apply to them. The effectiveness of current WEA messages may remain suppressed until they can b
distributed to finer geospatial targeted populations so thatages®nly reach the people who are at risk.
Results show that including maps that delineate
of risk is more effective at i ncreasirmega; pterisowmeV ¢
do not yet know how to besbmmunicate in a WEA message who is and who is not axsknples include

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

12.Optimumlevel of fear arousalAlert and warning messages elicit a wide range of varied emotional
responses. Althouglwe could not clariy the impact of fear and other emotiams public alert and warning
response based on the Phase Il experiments and focyss gttoel community survey data allowed for testing
the relationship betwedhelevel 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 respomdteates checking local ntka

and avoiding flood areas. Messages that are crafted specifically to maximize fear may not be effective in
motivating protective action3.he role emotions may play in making sense of and responding to pubkc alert
and warning messages remains unclear.

13.Understanding of alert and warning conceptse public may not understand basic alert and warning
concepts. Messages should not rely on the assumption that the public understands ternshelieh as
evacuateandproceed to higher groundilert ard 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 thougptoceed to higher grouneheant. For messages that are longer than 90 and
140characters, basic alert and warning concepts should be described to the extent possible.&8lubid80
character messages may work finedeents whose impact is not imminent.

14.Visualization Visual stimuli including bullets, bolding, iconography (source logseal, for example),
indentation, font size, color, italics, etmight 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 messagarététion and subsequent
responsgbut it is not yet known how.



1.Background

This project sought tdetermine theoptimized message conterdgsimminent threat alert and warning
messages delivered over mobile communication devidbsough qualitative and quantitative reseaiidte

key projectfocus was om f i r s tmessabes detivered as wireless emergency alerts (WEAessages

over mobile communication devicessuch 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 fomieminonehourto-impact threats.

This resarch sought answers to six primaegearch questions:

1.

2.

3.

6.

What is the optimized ordéor the contents of alert and warning messages?
Is there an optimized source for alert and warning messages?
Are there publigerception and response gains from including a map with alert and warning messages'

What is the relative importance of the content elements in alert and warning messages, e.g., do some
content elements matter more than others?

Do alert and warning mesgaconclusions generalize across hazard types or do different communicatior
principles apply for different hazards?

Do different lengtk of alert and warning messages have different levels of outcome effectiveness?

In addition, his research soughhswers toeven adebn research questions, which were generdtehg the
project workshop of agency representatives, academic researchers and practitioners held in W&sknigton,

November 2012They were:
1. Would there babenefit from including &JRL 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 expressa a WEA message?
5. How might location best be expressed in a WhRéssage?
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?



To answer alfjuestions, hree differentmessagéengtts were investigated

1 90-character messagegere the prime message length investigated sinséstthe message length
del i vered over WaAsagnifyl) Weype of leazard, (2) e time and location, (3)
the severity of the hazard and (4) what action te.tak

1 140-character messagesgere also investigated because these are possible today using social media
(e.g., Twitter), and they may be possible using the WEA service in theemsafuture.

1 1,38CGcharacter messagesgere 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 possi
using the WEA service in the distant future.

The remaining sections of thigport: (1) provide a brief literature revidw contextualize our researq2)
describe our research methods; and (3) present findings directly followed by conclusions and future research
recommendations.

2.Literature Review

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

Message content orderLike 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 t
fill this void with experiment 1 by seeking to determine whether order of themiation 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 proces
however, we suspectédat message content order might influence message interpretation and possibly
personalization. For example, if specific guidance is presented before the hazard rather than after, the mess:e
might be perceived as more personal. We determined optimizehgesorder by observing outcomes across

six messages with varied content orders: (1) the WEA message content order that is currently used in practic
hazard, location, time, guidance and source; (2) hazard, location, guidance, time and sourcen@), gunde,
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 g§sesxdppendix B, message$)L

Message sourceHistorical resarch evidence exists on the impact of varied alert and warning message source
on public perception and protective action response; for example, that a set of mixed sources rather than a s
source work best (Lindell & Perry, 1987; Stephens, Barrett, &dvigeta, 2013), official vs. unofficial sources

are better (Mileti & Darlington, 1995; Quarantelli, 1980), and sa.itea are familiar are more effective

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

anticipated that source might influence the senaking 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 ntiglaximize outcomes when messages are limited thafacters, and
including multiple sources is not possible. Experiment 1B was designed to determine wagtimgia single

source in a 9¢haracter WEA message optimized public outcomes. The siogtees 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 Controkaadti®n (CDC) and

(5) theDepartmenof Homeland Security (DHS¥see Appendix B, messages 1 antiJ.



Map inclusion. General research on how people interpret maps has been conducted, but little research has b
done on how maps included in an alert or warning message might impact esif@mansch, Rotzall, & Poser,
2010; Hagemeier & Wagner, 2009; Mills & Curtis, 2008) anticipated that the inclusion of mapgh a
morespecificmap beingetter, would facilitate personalization. Experiment 1C was conceived to enable us to
compare th relative outcomes of 9€haracter WEA messages with: (1) no maps, (2) low information maps
(maps that identify the location of the riglut not of the location of the person receiving the message) and (3)
high information maps (indicating the affectedd unaf f ect ed areas and mar ki
Appendix G see Appendix B for test messages 1, 11, apd 12

Relative importance of content elementdistorical research supports the conclusion that there are five key
topics to include in aalert and warning message to enhance public response outcomes. These are:

1 Source(Drabek & Boggs, 1968; Lindell & Perry, 1987; Mileti & Beck, 1975; Mileti & Darlington,
1995; Stephens, Barrett, & Mahometa, 2013; Sellnow et al., 2012; Vihalemm, Kiidekr&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 «dl., 2008);

Location(Drabek, 1999; King & Cook, 2008; Mileti & Fitzpatrick, 1992); and
1 Time(Sorensen, Shumpert, & Vogt, 2004).

These are the same topics covered in WEA messages with one exception. Time in the research literature ref
to when peoplat risk should begin or complete taking a protective actidrile 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 r
important tharothers areExperiment 2 was cona&d 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 timed Qpaised

on the results of experiments 1, 2 and 3) 1,88&racter messages were tested because longer messages woulc
help to accentuate tlasencef content in the experimefdee Appendix B for test messageslBj.

Generalizing across hazard typesThe research record is populated with studies of public response to alert
and warning messages across different haz&pcamples include:
1 Acts of terrorisnsuch as the World Trade Center Towers on 9/11 (Averill et al., 2005);
Natural hazard like:

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

1 Hurricanes (Hag<ochrane, & Eddy, 1977),

1 Tornadoes (Comstock & Mallonee, 2005),

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

1 Volcanoes (Saarine& Sell, 1985), and even

1 Earthquake Forecasts (Mileti®@ 6 Br i e n 1992);

1 Technological eventsuch as the accident at Three Mile Island (Cutter & Barnes, 1982);
Biological agentgWray et al., 2008);
1 Chemical agentév/ogt & Sorensen, 1999); and



1 Building fires(Kuligowski et al., 2012).

Pre-event risk percdpn can influence how people make sense of an alert or warning message (Mileti &
O6Brien, 1992; Perry, Greene, & Mushkatel, 1983;
al., 1977). Preevent risk perception is highest for radiation and loflweshooter and tsunami.

Pre-event hazard knowledgdso influences alert and warning message sense making (Glik et al., 2004; Haas,
Cochrane, & Eddy, 1977; Lehto Miller, 1986; Villegas et al., 2013). Pexent knowledge about the hazard
and protective actions are higher for shooter and tsunami and lower for radiation.

Environmental cuealso influence alert and warning message sense making (Averill et al., 2005; Flynn, 1979;
Mack & Baker, 1961; Rogers & Nehnevajsa, 1987). Radiation is invisibile shooters are not, and the
tsunami type investigated would lack environmental cuesitsalrival.

Experiencealso 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;8l i & OO6Bri en, 1992). Al though i
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 experimentassulgbhthave had varied
exposures to the stories reported.

Three hazards were selected for experimental comparisons: radiological, shooter and tsunami. These hazarc
were sufficient to generate variation in key frapssage characteristics that can inflieethe message outcome
factors under investigation as follovisxperiments 5, 6 and 7 were designed to test whether significant
relationships between message content topics (source, guidance, hazard, location and time) and outcome tyj
(interpretation, fight, personalization, lament and milling) were the same, respectively,-fat4a®and 1,380
character messages across different hazard types. A findings@fmficantstatistical differences would

indicate that messages influence outcomes the sayeegardless 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 hazardrtypeample, the numbef people

who engage in fishadow evacuationo (safe people w
(U.S. Fire Administration, 1987). Second, the content topics of alert and warning messages that influence pul
outcomes are the same acrbagard 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
norrmessage factors that can also influence public responseagender, race and ethnicity, experience; pre
event risk perception and knowledge, and more (Mileti & Sorensen, 1990).

Message length efficacyPublicly availablegeneral research on how the character length of alert and warning
messages impact pubjierception 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 publicaald 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 adiadimg. Given the arrival of mobile ate

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 messagesdally 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 publi
protective actiortaking Ball-Rokeach, 1973; Griffin, Dunwoody, & Neuwirth, 19%9odler, 1982; Mileti &
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Darlington, 1997; Quarantell i, 1984; Turner & Ki
world of wireless emergency alerts and warnings was to determine if referring people to a URL would facilitat
the naturbhuman 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 ha:
repeatedly found that pvent knowledge about a hazaaiputa protedtve action and about the alerts and
warningmessagethat could one day be received is significantly related to protective action bef@lkor

Harrison, Davoudi, & Riopelle, 2004; Haas et al., 1977; Lehto & Miller, 1986; Villegas et al., 2013).
Consequet | y, an investigation of peopleds familiari:
important

Understanding acronyms.Understanding or attaching personal meaning to the contents of an alert or warning
message has long been demonstrated iredearch record to be a key intervening factor that links a message
with protective actiortaking. Studieshat document the effect of message content and style factors on
understanding include: Lachman et al. (1961); McGee & Gow (2012); Mikami & lke8&)(1&nd Quarantelli
(1984). Studies that document the effect of-nmssage factors on understanding include: Diggory (1956);
Nehnevajsa (1985); and Oliver & Reardon (1982). Studies that document the effect of understanding on
protective actioftaking belavior include: Hammarstrofornstam (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 peopleds understanding of those

How to best express timeA synthesis of the research record on public response to alerts and warnings reveal
that time is an important message element, along with others. Time is part of providirrgslapalblic with
adequate guidance. A reasonable syntradsighat research concludes on this topice:geople what they

should do to maximize their health and safety, exactly how to by when they should begin and complete the
protective actior(or time), and link the protective action to a basic huvane, 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 locatiorA general conclusion from the historical research record is that alert and
warning messages work to foster public protective action response if they provide informatioexabtiyt

who should and who should not take thetective 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; MileEi&patrick, 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;
HagemeieiKlose & Wagner, 2009). This research record led to an investigation of how to best express locatic
in WEAs.

Understanding of alert and warning conceptsAs stated previously, understanding or attaching personal
meaning to the contents of an alert or warmmgssage has long been demonstrated in the research record to be
a key intervening factor that links a message with protective atztiong. Studieshat document the effect of
message content and style factors on understanding include: Lachman etld].Nit@ee & Gow (2012);

Mikami & Ikeda (1985); and Quarantelli (1984). Studies that document the effect-ofiegsage factors on
understanding include: Diggory (1956); Nehnevajsa (1985); and Oliver & Reardon (1982). Studies that
document the effect of uedstanding on protective actibaking behavior include: Hammarstrehornstam

(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, i
necessary to talk abodiscreteemotions when attessing 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 cris
are fear, anger, sadness and anxiety (Janoske, Liu, & Sheppard, 2012; Jin, 220%nrljn 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 situ@tion is

threatening to their physical or psychological selvesisindt of their control (Frijda, 1986; Lazarus, 1991,
Scherer, 1984). Relatively little research has been conducted on fear responses to warning messages, with
existing studie$ocused on fear in health warning messages (Kees, Burton, Andrews, & Kozup, 2006, 2010;
Timmers & van der Wijst, 2007; Witte, 2013). This research suggests that the effectivenesbasddar
messaging is contextependent and varies among groups andiddals (Sellnow et al., 2012). However, a
metaanalysis of empirical research suggests that strong fear appeals are more persuasive than low or weak
appeals, which leads to greater fear arousal (Witte & Allen, 2000). Additionally, strorgpfest ressages

produce the greatest behavior change when combined witreffighcy messages (Witte & Allen, 2000).

Anger. Research shows that while angealucing messages are not always effective, they can reduce certain
risk perceptions, reduce negativekrestimates and motivate people to take action (Lazarus, 1993; Lerner,
Gonzalez, Small, & Fischoff, 2003; Turner, 2007).

SadnessWhen unintentionally evoked, sadness has demonstrated a positive correlation in attitude change ar
motivates careful infornteon 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 expldmmixed emotional appeals and responses (Brehm, 1999; Brehm &
Miron, 2006). Mixed sequential (negatipesitive) emotional messages have been found to generate lower
postmessage discomfort than purely negative messages (Carrera, Munoz, & Caballer@dfifiohally,

mixed emotion messages motivate participants to control the danger, but a purely negative message involves
higher probability of risk behavior performance (Carrera, Munoz, & Caballero, 2010).
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3.Research Methods

Methods for theexperiments, thitdoutloud interviews, focus groups and community survey folldle table
below presents which methods answered each research question.

Think -out-loud Focus

Research Question Experiments Interviews Groups  Survey
Is there an optimizedmessage content order?

Is there an optimized single source?
Would a map optimize outcomes?

< <<

Does some message content matter most?
Do the findings generalize across message
lengths?

Do longer messages work better?

< <K< KKK

Would including a URL be useful?

How familiar are people with WEAS?

How well do people understand acronyms?

How is time best expressed in a WEA?

How is location best expressed in a WEA?

<<

Is there an optimallevel of fear arousal?

Do people understand words likdiwarningo
and fishelter®

< K KK KKK L] < K1 K<
< K I K KKK KL < KKK

< < <K< KKK

3.1 Quantitative Experiments

To answer the primary research questiong, laboratoryand seven Interneixperimeng were conducted as
follows from JuneSeptember 2013

Participant selection.For thelnternet experimentdNE2,012), volunteer samples were drawn from
SurveyMonkey, which generated online survey audience panels of individuals recruited for experiment
participation i iencash porgystemfobrewaréispimciuding sveepstakes and
merchandisé.

For the laboratory experimenti£155), the CSU Fullerton Social Science Research Center (SSRC) recruited
participants from local community organizations by using flyerserslyere 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 Surveyhtpakeyo take
surveys. Eligible panel members were invited by email to participate, and invitations were sent to ensure represepiatiiheand
general balance in terms of gendesiceandethnicity. Given that the tested messages were about hyigattdisasters occurring in
California, participants were drawn largely from within the state so that the hazards would be familiar and the messhiges woul
salient.
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To be eligible to participate in this study, individuals had to be: (1) 18 years of age o(®)deI1S. residents
(3) English speaker¢4) identify as African American, Asian, Latino, White or Otreerd (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 daddeee
data collectiorapproaches. The online and laboratory experiments were conductefSehtamber 2013.

Questionnaire. Standard questionnaire items used in prior reséarere used when they existed and there was
evidence that the items had performed well. In some cases, existing items were adapted to the particular con
of the projec(see Appendix D for examples of the questionnaire used in the experiments)

Questionnaire pre-testand pilot test The research team ptested(N=54)the online questionnaire to identify
any potential problems with programming, skip rules and question flow, and minor corrections weréhaade.
final online questionnairalsowas pilottested N=21) to ensure that the participant selection, screening items
and randomization were all correctly programireatino changes were made to the questionnaire following
the pilot test. For the fage-face experiment, study procedures were pilot tested with the first 23 participants
recruited. No changes were made following the pilot, and these data were includedeagpénaiental data.

Outcome variable measuresThe six outcomes variables were operationalized as follows.

Understand. Understanding was measured by asking subjects to rate their level of agreement with statement:
three different questions. The tiguestion asked subjects to rate their level of agreement usingairsix
scalewhere 1 represented Astrongly disagreedo and 6
AThe message hel ped me under saskadhsdbjestshtarate thew levdlof. 0 T
understanding using a spointscalewher e 1 represented fido not wunder

understand, 0 with seven statements. The question
seven statements rated were: fAWhat happened, 0 AT
af fected, 0 AWho the message is from, o6 AWhen | am
am| supposed to continue taking actioro pr ot ect mysel f. 0 The third qu
of understanding using a spointscalewh er e 1 represented fido not wunde
understan by asking the questi onmdisHsoavwg eved | do you wur

BelefFor all experiments, belief was measured by a
that éo This question was followed by three items
take shelteing amd | ASa&let ¢ ou s af sixpoidt sclevehervelr s wer
represented fido not believed and 6 represented 0
types, used the same question structure and the following itenisdorta ct i ve shooter haz
themall You should i mmeandt dShetl alee i olgeThdfdidwingitankse vy o
were used for the tsunami h @2zvarud :s hioAI | tds U nmmaaeidhinal e
|1

AEvacuating wi make you safer. o

PersonalizePer sonal i zing was measured by asking subjec
I received this message on my cel/l phone, I w
Aimi ght become injured, o6 APeople I know might bec
injured, o Al might die, 06 APeople | know might di

2 See, for exampleGutteling J. M. (1993). A field experiment in communicating a new risk: Effects of the source and a message
containing explicit conclusion8asic and Applied Social Psychology(3y 295316.;Kim, H. J., & Cameron, G. T. (2011).
Emotions matter in crisis: Thel e of anger and sadness in the publicsdé resp
Communication ResearcB8(6), 826855;Lindell, M. K., & Perry, R. W. (2012). The protective action decision model: Theoretical
modifications and adddnal evidenceRisk Analysis, 32), 616632.
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meant for me. 0 Answeanss avlee ewhan e dl use mrge e st xd A

represented fAvery | ikely.o

Decide.Deci ding was measured by informing subjects t
use any number on the scal e. 0 Tghei swiwas hfedIpl onwee dd e
It wi || be easy to decide what to do, o dal wild.l

o with confidence. 0 Anosiwer sscvwad ree whaetreed 1lu srienpg eas e
yes. o0

1 @R 1}

Emotion.Emot i ons were measured by asking subjects to
message made me feel €0 This stem was foll owed by
Ashocked, 0 Ainervous,& rfusc&d 00 Nfaoxti maged, Gf etaefudr,
twelve answers wereratedongxo i nt scal es where 1 represented Ar
These twelve emotions were presented to subjects in random order.

Milling. Millingwas measured by asking subjects the foll o
look for additional information abowthat happened e f or e t aki ng action?06 AHoOwW
for additional information abowthat to dobefore takinppct i on? 0 and AHow | i kely
people about the need to takeodamtti smcad eAnmnwshweeares 1w
unl i kelyo and 6 represented Avery I|likely.o

Analytical approach. The data analysis approach veesigned to articulate differences in experimental
outcomes. This was important because experiments 1 and 3 contained only slight variation in the experiment
factors being manipulated.

First, exploratory and confirmatory factor analysis was useddatercomposite outcome scores for multiple
indicators of each outcome construct.

Then, noRpromising experimental alternatives were eliminated throogltiple cross tabulation tablehese

tables were reviewed to distinguish, where appropriate, between experimental alternatives that showed prom
as an optimized message candidate (for example, did one message order produce better outcomes when
compared to other message orders artdda@urrent content order for WEA messages?) to be subjected to
further test.

Third, regession analysis was used to predict each of the measures for the outcome factors under investigati
using the most promising optimization alternatives discernstemtwo. Relationships were classified as
significant p O.05), near significant 05 <p O.10) and not significant.{0 <p 01.0).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 sigpificant (
0.05), near significant Q5 < p 0.10) and not significant.£0 <p O1.0).

Outcome scale construction for experiments 1, 2 and Bxploratory and confirmatory factor analysis was
conducted to guide scale construct{dh= 777) Factor analysis in SPSS (Principal Axis Factoring and
Varimax rotation) was used to assess whether the items reliably represented a single constrpkit Scdee

3 Given the very slight changes in the test messages that were compared, a near significant result takes on meaniegisehys is pr
the situation in which one would consider a near significant result@srtamt information (Warner, 2013, pp.-86).
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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 thatkoaded across factors were dropped. Five factors were
extracted. These were: (1) interpret, (2) fridB) personalize, (4) lament and (5) mill. The coefficient alpha
values ranged from .85 to .96. Skewness ranged 1ol to 0.32. Kurtosis ranged froi.78 to 0.80.
Descriptive statistics for the five factors are presented in Table 7 (see Apperalixl B)e scales were
operationalized as follows.

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

factor | abeled Ainterpret. o This i ncl udfertelieve | ni
(nhafter reading this message, do you believe tha
decide. This composite factor was | abeled as #din

Fright. Six emotion measures (tense, nervous, fearful, anxiousdsaadeshocked) merged into one factor.

This composite factor was | abeled as Afright. o

PersonalizeAl | seven measures of personalize (Al might
injured, 0o Apeople | donét knowfimieoglpt ebéc ame wi mj g
not know might die, 0 and Athe message was meant

retained.

Lament. Three emotion measures (angry, outraged and sympathetic) merged into one fastmmpiusite
factor was | abeled as Al ament. 0

Milling. Two measures of milling (seek information about what happened and seek information about what to
do) merged into one factor. The | abel Amillingo

Dichotomous outcome variablesThe inteval 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=C
38 and 1=39/0 for interpretation; (2) 0=0 and 1=2130 for fright; (3) 0=622 and1=2335 for

personalization; (4) 0=0 to 5 and %6 for lament; and (5) 0=8 and 1=910 for milling.

Outcome scale construction for experiment 4An exploratory and confirmatory factor analysis was run to
guide scale construction. Factor analysis i8SPPrincipal Axis Factoring and Varimax Rotation) was used to
assess whether the items reliably represented a single construcpl8ces®l eigenvalues were examined to
determine the maximum number of possible factors for the potential items. Fadiogkwere assessed and
items that crostoaded across factors were dropped. Six factors were extracted: (1) inpegbeetive action,

(2) interpretrisk, (3) fright, (4) personalize, (5) lament and (6) mill. The coefficient alpha values ranged from
.81 to .95. Skewness ranged fre@n98 to 0.22. Kurtosis ranged froi.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 thel6 outcome measures for understand, believe and decide

merged into one factor. These nine measures wer e
reading this message | under st and whagel undesstanddavhen o
| am supposed to take action to protect myself, o
supposed to continue taking action to protect my

willmakeyousdt er , 0 it he message wil|l hel p me decide wh:
wi || be able to decide what to do quickly, o0 and
was | abel ed -motecfiveactioeo pr et ati on
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Interpret -risk. Three of thel6 outcome measusdor understand, believe and decide merged into another

factor. These three measures were after reading
Awhat | ocation kesfattect adso lr@bsekp.edsssi as i nterpre
Frightt Ei ght emoti on measures (Atsdmaue,kq O Mearnwa ww,sqQ 0N
and Aconfusedo) merged into one factor. This com
PersonalizeEi ght measures (il mi ght become injured, 0 A
dondédt know might become injured, o Al might die, o0
die, 0 Athe message was me messagefdoyou believe that ediation is adade@ r
your wayo) merged into one factor. This factor w

Lamentt Thr ee emoti on measures (fiangry, 06 Aoutragedo

composite factor was | abeled as @Al ament. 0
Miling. Two of the three measures of milling (fiseek i
aboutwhat o doo) merged into one factor. The | abel Ar

Dichotomizing outcome variablesThe interval scales for the outcome constructs were summated, anchored a
zero, and dichotomized based on a median split to simplify interpretation irtadoastion analysis as follows:

(1) 0=035 and 1=3&45 for interpretation of protective action; (2) 00 and 1=1215 for interpretation of

risk; (3) 0=027 and 1=2810 for fright; (4) 0=627 and 1=285 for personalization; (5) 0=® and 1=715 for

lament; and (6) 0=07 and 1=810 for milling.

Outcome scale construction for experiments 5, 6 and 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 constrypdbt Socke

eigenvalues were examined to determine the maximum number of possible factors for the potential items.
Factor loadings were assessed and items thatlkraded 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 {0or7 to 0.38. Kurtosis ranged fmo-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 (Bddfaheir measur®

merged into one factor. This composite factor wa
Frightt Si x emoti on measures (Atense, 0 Anervous, o0 fAfe
one factor. This composite factor was | abel ed as
Personalize.Si x of the seven measures of personalize (A0
become injured, o fipeople I dondt know might beco
Aipeople | do not knowfagtgtht. dTlee )| ameelgeflpe mg @n alni

Lament Thr ee emoti on measures (fiangry, 06 Aoutragedo
composite factor was | abeled as dAl ament. o

Miling. Two of the three measurnesabfoourt mihlalti nhga p(phesneeedko
about what to dod) merged into one factor. The |
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Dichotomous outcome variablesThe interval scales for the outcome constructs were summated, anchored at
zero, and dichotomized based a median split to simplify interpretation in cross tabulation analysis as follows:
(1) 0=062 and 1=630 for interpretation; (2) 0=Q9 and 1=2€B0 for fright; (3) 0=023 and 1=2430 for
personalization; (4) 0=6 and 1=615 for lament; and (5) 0=6 and 1=710 for milling. A series of cross
tabulations were computed that juxtaposed outcomes against the test messages.

Outcome scale construction for experiment 8An exploratory and confirmatory factor analy@is=155)was

run to guide scale construati. Factor analysis in SPSS (Principal Axis Factoring and Varimax Rotation) was
used to assess whether the items reliably represented a single construgticBarekeigenvalues were

examined to determine the maximum number of possible factors footiatipl items. Factor loadings were
assessed and items that crlmesled 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 tee\®WBeSk
ranged from1.12 to-0.30. Kurtosis ranged fror®.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 undarsl and believe (all nine measures of understand and one

measure of believe, AAfter reading this message,
into one factor. This composite factor was | abel
Fright. Severe mot i on measures (fitense, 0 Anervous, 0 Afea
Afishockedo) merged into one factor. This composi:t
PersonalizeSi x of the seven measures of personalize (A0
become injured, 06 Apeople | dondt know might beco
Apeople | do not know mi dlet | dibed) Amper god ail ntze 0o w
Miling. Two of the three measures for milling (Aseek
about what to doo) merged into one factor. The |

Dichotomous outcomevariables. 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 follov
(1) 0=034 and 1=350 for interpretation; (2) 0=@2 ard 1=2335 for fright; (3) 0=023 and 1=2435 for
personalization; and (4) 0=®and 1=910 for milling. A series of cross tabulations were computed that
juxtaposed outcomes against the test messages.

Data analysis.Methods for data analysis, includingthssociated power calculations, for each research
guestion studied in the experiments follow.

Order of message contentsA series of cross tabulations was computed that juxtaposed dichotomous outcome
against the six message content orders: #1=the ¢tWEA message content order used in practice of hazard,
location, time, guidance and source; #2=hazard, location, guidance, time and source: #3=guidance, time, haz
location and source; #4=source, hazard, location, time and guidance; #5=source, ghaardelocation and

time; and #6=guidance, hazard, location, time and source. For the fixed model simple linear regression (1
predictor) testing the Rleviation from zero conducted for Experiment 1, to achieve a power of .80 for a
medium effect size 15) and alpha=.05, a sample sizé\eb5 was needed (actud:218). For the fixed model
multiple linear regression (5 predictors) testing tReldviation from zero, to achieve a power of .80 for a
medium effect size (.15) and alpha=.05, a sample sike®2 was needed (actud:216).

Message sourceA series of cross tabulations was computed that juxtaposed dichotomous outcaimsstfag)
five tested source&or the fixed model simple linear regression (1 predictor) testingZtewviation 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 samg
size ofN=55 was needed (actud+99). For the fixed model multiple linear regression (5 predictors) testing the
R2deviation from zero, to achiexaepower of .80 for a medium effect size (.15) and alpha=.05, a sample size of
N=92 was needed (actudt97).

Map inclusion. A series of cross tabulations was computed that juxtaposed outcomes against the three
experimental map categories (no map, lowinfationmap and high information magjor the fixed model
simple linear regression (1 predictor) testing tReé¥iation from zero conducted for Experiment 1C, to
achieve a power of .80 for a medium effect size (.15) and alpha=.05, a sample\si5é whs needed (actual
N=202). For the fixed model multiple linear regression (5 predictors) testing thevRtion from zero, to
achieve a power of .80 for a medium effect size (.15) and alpha=.05, a sampla\si22 efas needed (actual
N=199).

Relative importance of content elementsTwo multiple regressions were condu@eone with ancne

without control variabled-or the uncontrolled fixed model multiple linear regression (5 predictors) testing the
R2deviation from zero conducted for Experimentdathieve a power of .80 for a medium effect size (.15) and
alpha=.05, a sample size£92 was needed (actudt468). For the fixed model multiple linear regression (9
predictors) testing theZRleviation from zero, to achieve a power of .80 for a meditfect size (.15) and
alpha=.05, a sample sizef114 was needed (actudt464).

Generalizing across hazard typesThe influence of message content factors (source, guidance, hazard,
location and time) on outcomes (interpretation, fright, personalization, lament and milling) across hazard type
(i.e., radiological, shooter and tsunariai) 90-character messagdsxperment 5) was assessed using optimized
messages based on the results of experiments 1, 2 and 3 (see mes2agasAppendix B). Respectively, the
optimized messages fah0 and 1,386character messageés experiments 6 and 7 are messageg2&ee

Apperdix B) and messages 13, 25 and(86eAppendix B.

Two sets of multiple regressions were condugtede with and one without control variables. For the fixed
model uncontrolled linear regression (2 predictors) testing thewRation from zero conductédr

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 d=100 was needed (actusk247, 253 and 267 for experiments 5, 6 and 7, respectively). For the
fixed model multiple linear regrs®n (6 predictors) testing the? Beviation from zero, to achieve a power of

.80 for a small to medium effect size (.10) and alpha=.05, a sample $iz&43 was needed (actudt247,

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

Message lengtlefficacy. Two multiple regressions were condudeone with and one without control
variables. For the uncontrolled fixed model multiple linear regression (3 predictors) testirfgléveaRon

from zero conducted for Experiment 4, to achieve a powd0offor a medium effect size (.15) and alpha=.05, a
sample size oN=77 was needed (actudf155). For the fixed model multiple linear regression (9 predictors)
testing the Rdeviation from zero, to achieve a power of .80 for a medium effect size (.18)pdag-.05, a
sample size odN=103 was needed (actust147).
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3.2 Qualitative ThinkOut-Loud Interviews and Focus Groups

Six test messagdsee Appendix F) or a r adi ol ogi cal h a z aautd o eladdfocus w e
groupparticipantgN= 50, 17 male and 33 fema)e)nd their individual interpretations were recorded and
analyzedThe map that was included in three ofdhéest messages is provided &ppendix G. The think

out-loud interviews and focus groups were conducted at the Witiyer Colaado Denver, JubAugust 2013.

The University of Colorado Denverods Clinical Res
Craigslist community volunteer page, and participants received a $50 Visa Gift Card for their timenk-he thi
out-loud and focus group sessions were audio recorded and transcribed. No personal identifiers were collecte

Think -out-loud methods.Think-out-loudswere conducted via telephone and lasted between 3 and 15 minutes
each. Each pautlbudtest message@arespondeaté his or her subsequent focus group sessio
Participants were presented with a standardized context that approximated tteveloped for the online and
facetof ace quantitative experiments (e.g., AYou are
cel | phoneo). Prior to the focus group, each par
one of the optimized or neaptimized 96, 140 or 1,380character messages. These participants were
instructed to read t hoetl madsage. eut Hewsdrahbd fi-hbi
read, questioned or puzzled over the rages

Focus group methodsDuring the focus groups, optimized and ragtimized 906, 140 or 1,380character
messages were presented to the participants. Several questions followed, in sequence, after each message
presented. In other words, participants discussed one messagg\etly 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-ncludes
8 participantsand the duration averaged between 1.5 and 2 hours. A total of seven focus groups were
conducted. Two messages were shown Opteéeanclzefdoc ve
90, 140 or 1,380character message. The optimized messages patterned after message #5 from the
guantitative experiments because that message yielded the best outcomes-dptamped messages were
patterned after the fistandardd WEA content order
messiges shown to participants was reversed to avoid order effects and to add rigor to the focus group resea
The seventh focus group was conducted with emergency management professionals who volunteered to
participate after the community recruitment adigernent was posted to a statewide emergency management

|l i stserv. This focus group was conducted as a re

For all five topics, probes focused on content elements including source, hazard, guidance, locatia #nd tim
participants did not raise these issues themselywv
guestions reflected their understanding of, belief in, and personalization of the message, as well as their
decisionmaking processeand emotions. Table 2 summarizes the message presentation order for each focus
group(see Appendix F)

Transcription. Think-outloud and focus group sessions were audio recorded and subsequently transcribed b
trained graduate research assistants bagsbé atniversity of Maryland. Completed transcripts were reviewed

for accuracy by simultaneously listening to the recording amdaeing the transcript. In the transcripts report,
grammar was corrected only when necessary for readability. Punctuatiafseasided in some cases to

promote readability.

Data analysis.The analytical procedures employed for theutogroups, as well as the thiokit-loud
interviews, aligned with discourse analysis. In order to add additional rigor to our analysis, tuwatgrad
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research assistants independently codeghag® 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 analydiliccategories where warranted. Once reviewed by the lead qualitative
researcher, three additional graduate research assistants independently coded a transcript segment and wer
shown the example. Once questions were resolved during this traininggextre three graduate research

assistants coded a portion of almost all of the
coded and analyzed all transcripts and relied on the graduate research assistant coding to chegk and verif
interpretations and relationships. This figround

unanticipated findings because it induced general themes and explanations from the data rather than merely
using the data collected to test preexistimgpry. 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,*Fullertc

Population and sample The study population and the two samples that were selectstlidy 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@2@.on Sept11, 2013 through midnight on Septberl2,

2013 (this time period included the first public alert message issued through when most people would
have taken a protective action).

= =4 =8 -4

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

Sample one: adultcity 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 le\a@d% confidence interval.

Sample two: adult city residents who received a WEA message(B}<496).The primary sample for this

study consistedfandividuals who received the first WEA message over a mobile communication device. We
estimated that this sytopulation 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 levaek+2% confidence interval. A total of 213 of

the sample one general population respondents receiveddaWggsage, and hence were included in the WEA

sample.

Sample selectionAccording to statdevel estimates by Marketing Systems Group (MSG), one of the premier
vendors of statistically sound telephone samples, 39.3% of households in the state of @otoradEessonly
households, meaning these households do not have a landline tel2pleonading 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 mibxio the ceprincipal investigator, housed at CSUF. Dr. Wood met regularly
with survey staff and interviewers, participated in initial intervietk@ning, and received weekly updates on survey progress.
5 MSG. (2013) State level wireless only estimates, October 2BE3ieved fromhttp://www.ms-g.com/CMS/ServerGallery/
MSGWebNew/Documents/GENESY S/wirelesstimates/wirelesestimatesl 0-13.pdf
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likely reside in celonly household$.To decrease the undeoverage bias associated with sampling only
landline telephone numbers, the study employed afdarale design that utilizes a frame of landline telephone
numbers and a frame of cell phone numbers. MSG was contractethio lnoth sample frames.

MSG provided a total of 29,826 telephone numbers. Of these, 16,774 (56.2%) were landline records and 13,
(43.8%) were cellular phone records. Quotas were set to ensure that 20% of completed interviews in each
sample would ba&vith 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 samplebias. Of the 880 completed interviews, 57.086<502) were conducted with women and
42.8% (= 377) with mern.Age ranged from 181(= 18; 2.1%) to 93r(= 1; 0.1%) years. The majority of
respondents selflentified as whiter{= 786, 90.3%), and moredh three quarters & 686; 78.5%) had earned

at | east a braedistebutions 6f eactdsangple asecomparede@0082012 five-year

American Community Survey population estimates for the City of Boulder, Col¢saddppendix 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 anc
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 subsequeagespsople 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 questioniis&e Appendix Lyvas drafted, préested, reviseqilot-

tested and then finaliz§tRB protocol:HSR-14-0232, 6/9/14)

Pre-test and pilot. The questionnaire was ptested with interviewers and other project staff. Adjustments
were made based on these experiences. This was followed by a pilot studytietd over a twday period
(6/10/146/11/14) and involved 30 respondents who experienced the Boulder Flood. Mirturiiing of
guestion wording took place after this field test.

Questionnaire administration. Interviews were conducted from 1:00 pon&00 pm on weekdays and from
11:00 am. and 7:00 pm on weekends, local time. Interview length ranged from 11 minut&s (.3perceny

to 74 minutesr{= 1; 0.1percen}. The mean survey administration time was 26 minutes and 46 seconds, and
themedian time was 25 minutes.

Operationalization. Specific questionnaire items used to operationalize the constructs studied in the
community event survey follow.

Message sourceVEA message recipients were asked how believable they considered the Souaredsich

they received messagé&3onsidering 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 Emggency Management , Col orado govern
department, family member or other relative, neighbor or friend, employer, coworker, TV broadcaster, Nation.
Weather Service, or Other (Y/N)? On a scale of 1 to 6, how believable do yoth#tisource is, where 1
means finot at all bel i evabl eviean dalievabifty sooeea fority,fstate dnd e

6 Blumberg, S.J. & Luke J.V. (200%Yireless substitution: Early release of estimates from the national health interviewer survey,
JanuaryJune 2009Retrieved from: hp://www.cdc.gov/nchs/nhis.htm.
7One individual (0.ercent i ndi c at e dendexbum did ndtspetife what this gender was.
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national message sources were calculatieg with scores for individuals such as family and friends. A
repeated measuod analysis ofvariance was conducted to compare believability across source types.

Map inclusion. WEA message recipients were asked whether any of the messages they iGn@izi@ed 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]fRose who reported receiving one or more
messages containing a map asked how effective the best map thegeived wast helping them determine
whether or not they were in an area of ri6k(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, wheed ms finot at al |l ef f
Afextr emeloy) .e fReepcotritveed? map ef fectiveness was corre
The personalization scale was calculated in the same manner as described in the Phase Il expeariraents, ab

Relative importance of message contentBour 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 antaafitime that had elapsed (hnumber of minutes) between the time
the first WEA was issued (i.e., 6:36p on Septll, 2013) and the time the respondent began checking local
media On what day did you begin to check local media? At what time on <datepodildgin 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.pm. on Sept1l, 2013) and the time the respondent began avoiding flood(@eaghat day

did you begirto avoid flood areas? At what time on <date> did you being to avoid flood gress@ each
regressed on measures of how much information the respondent had received on differefhtokiog:

about all the messages you received, how much informatiorod receive about the following topics, using a
scale of 1 to 6, where 1 means finonedo and 6 mean
bad the flood would be, the specific locations that would be flooded, what you should do toyprotsit,

when the flood was expected t o oc cinterpretatoyandvhen vy o
personalization were scaled in the same manner described above for the Phase Il experiments.

Inclusion of a URL. Respondents were asked whettienot 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 yaoeissages

that contained a link where you could get more informaliowBether they followed that linkd{d you follow

that link?), and how long they spent viewing the linked contelavw much time did you spend viewing
information contained in the link?Frequencies were calculated drtdsts were conducted comparing those

who received a message containing a hyperlink and those who did not on the amount of time delay (in minut
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 &eftse the flood occurred, on a scale of 1
to 6, how knowledgeable were you abaublg alerts or warnings for events like floods that are distributed
over mobile communication devices such as cell p
represents fextr eRespdngentkasowele askeayl baavimbny Wi@assages they had
receivedBefore 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 Universityeats.

Understanding of acronyms WEA message recipients were askédvhen you first read

did you think t hRespbnsdswerercaded\ab\iBe NatmraalnNle&her Service, some other
phrase, dondét know, and refused.
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How to best express timeWEA message recipients were ask&tlthe time you first read the message, how
much time did you think you had before you should check local medsa@ition, WEA recipients who heard
the outdoor warning siren or message alongl&er Creekwere askedWh at di d you t hi nk
| MMEDI ATELYO meant ?

How to best express locationWEA message recipients were askafler first receiving that message, how
much would you say you agreed with each of the following statementaleaf 1 to 6 where 1 represents

~

Ainot very I|ikelyo and 6 represents fAextremely |

Understanding of alert and warning conceptsWEA 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 t
thought represent ed Didoouireseie thedollgiving ngebsage issgathbyoutdaor o
warning sirens along Boul der Creek? OWarning. F
Proceed to higher ground. Do not cross Boulder C
you think that meant?

Optimum level of fear arousal.The12 emotion items included in the Phase Il experiment questionnaires were
included in the community survey questionnaire. A fear scale was created following the same procedures
described in the Phase Il experiments includingttmas: After first receiving that message, how much would
you say you agreed with each of the following st
and 6 represents fAextremely?0 The mes ouwEearedTae e m
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 ratelith the WEA message

diffused through the general population (see Appendix M). The time that respondents reported having read tr
WEA message was plotted againstriute time increments. Individuals who reported receiving the message
before it was issubwere 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 reportddsta&omnmended
milling action were plotted against elapsed time measured-mid&te increments, with negative numbers
representing the number of minutes before the first WEA was issued and positive numbers representing the
number of minutes after thigst WEA was issued.

Validation of experimental optimized outcome measuregntermediate cognitive outcom@ghe scale scores

for interpretation and personalizatébnvere correlated with the ultimate behavioral outcgrtise elapsed

before initiating therotective actions of checking local media and avoiding flood areas. The scales were
constructed as described in the Phase Il experiments. The time delay until checking local media was calculat
by subtracting the time the first WEA message was issud@ ffin. on Sept11, 2013) from the time at which
respondents began checking local meDid: you take any of the following actions after you first received this
[initial WEA] message (Y/N)®@n what day did you begin to check local media? At what timedatex did

you begin to check local medidhe time delay until checking avoiding flood areas was calculated by
subtracting the time the first WEA message was issued (613®p Sept1l, 2013) from the time at which
respondents began avoiding flood aréad you take any of the following actions after you first received this
[initial WEA] message (Y/N)®@n what day did you begin to avoid flood areas? At what time on <date> did you
begin to avoid flood areas? e a r savreladian(r) was calculated to test these relationships.

8 The message along the Boulder Creek i&arning.Flashflood of BoulderCreekis imminent. LeaveimmediatelyProceedo
higher groundDo notcrossBoulderCr e e k . 0
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4. Prime Research Question Findings

Findings, conclusions and future research for the experiments;ahiéud interviews, focus groups and
community survey are integrated, below. These are presegpadately 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%,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, personalizaticand 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 (SedApHend
regression for personalizatiob=119,p=.080) was statistically near significant. The regressions for interpret
and lament outcomes were both not significiihis suggests, at least based on this analysis, despite the
observed consistent paths 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 mightchaed 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 Tabl
(see Appendix E). The regression for orddérwith the personalization outcome remained statistically near
significant £=.120,p=.082), and the regression with the emotion of fright became significarii33,p=.050).

The findings from the multiple regression equations led to the same generakemmhs the findings in the
simple regression analysis; that is, message order #5 has a slight and weak advantage over the order used ii
current practice.

Think -out-loud interviews and focus groupsUnlike the quantitative analyses of optimized messagent
order reported above, which only investigateecB@iacter WEA messages, the thiokit-louds and focus
group research investigated optimized message content order usitgd®@nd 1,38echaracter messages.

Findings from the thirlout-louds aml focus groups for the 9@nd 1406character messages supported the
conclusion that message order #5 was the optimized message order. That is, this order seemslighttave a
advantage over the standard WEA message order in use today. The participaatsfithe 9&haracter focus
groups unani mously agreed that message order #5

think that the order is iIimportant because 0t ake
wheraes i n the previous one the Otake shelterd was
that her e, [ 1 t] prompts you to move.o

Another focus group evaluating the ldi@aracter messages also unanimously found that putting the message
soure first i mproved the messageds understandabili
source was placed in the message, some participants did not understand the meaning of source acronyms, €
AUS DHSO and fnADenver hRBl&.foand that soms pargaipants ;1 batheheadoh 146
character focus groups preferred the standard WEA message order, and even other participants found the tw
orders equally effective. Not abl y, t hOehamdier message i D
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|l ed some participants to believe that they shoul
the word Atakeo appears to influence the message
gualitative esearch 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 cor
the beginning of the messages. Most emergency margagearticipants argued that placing the hazard
information upfront for 14@&haracter messages would lead to better outcomes, and they noted (as did the
community focus groups) that the absence ofouldpunc
lead to counterproductive interpretations.

Findings from the thirloutlouds and focus groups for 1,38Baracter messages indicated that message order
#5 did not transfer as an optimized order and may only be optimized for shartd®046chaiacter 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 knowir
what happened, since informati about the hazard was buried within the middle of the message. One
participant captured the sentiment of many ot her
wondering, like, what is happening? Getting a text message with somebodyrtelingat to do and where to
go, but | have no idea why until t h eparécipahtsioni1, 38D he
charactefocus groups nevertheless preferred the source first. Emergency management gaiiaipanc o mme
were verysimilar. Additional selected participant comments regarding the order of message contents are
provided in Tables-# (seeAppendix 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 containec
slight differences between them and the experimeméglsages tested quantitatively were all shoxti@acter
messagedA different order for the content contained in@taracter WEA messages may improve public
response outcomes. WEA messages currently use the following order: hazard, location, deneeccgand

source. An alternative der 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 on
had a statistically weak adntage 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. Tal@ative research revealed that this optimized
message order holds for X4Baracter messages; however, it does not transfer to-@ha88cter messages for
which the optimized order is source, hazard, guidance, location and time.

Future research.Quanttative 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 arfsl 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 suggelat 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). WE#d(ad®) versus C&IMA (coded as

1) comparisons were selected to carry forward into the regression analysis. WEA was selected for inclusions
two reasons: it had low outcome scores and because it is the name of the Wireless Emergency Alert System
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Theresults of the simple regressions that examined the effects of tiM@aand WEA source comparisons in

a 90character WEA message are presented in Table 10 (in Appendix E). Source had no effect on fright, lame
or milling since none of these relationghiwere statistically significant. However, source did have a
statistically significgnt048)feandomei spr.@l8)plheser it o
findings suggest that CEIMA (the strongest sole source based on a comparigoeroéntage scores) produced
statistically significant outcome differences when compared to WEA (one of the weakest sole sources based
percentage differences). This suggests that single sources which are local and recognizable (Cal EMA would
not be locabr recognizable outside of California) might be the most productive sole source to name in a
message, at least in short@@aracter WEA messages. It is also worth pointing out that OCFA is a more local
source than Cal EMA, but it may not have been famntb 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 sourcecimaac@fer WEA

message when subject selection criteria were indladge, hence, controlled for are presented in Table 11 (see
Appendix E). The significant relationships between source and both interpretation and personalization outcor
that were prominent in the simple regressions disappeared when the sample seiecteowere included in

the equations (see Table 6 in Appendix A). A statistically significant relationship emerged between source an
milling (b=-.221,p=.045).This suggsts that the relationship between message source and warning response is
weak atbest, and that there actually may not be a best sole source in terms of publicesuttoame in a 90
charactemessage.

Think -out-loud interviews and focus groupsThequalitative research findings also indicated that there might
not be a single soueahat works best for 9éharacter messages. This finding also held for 44@ 1,380
chararacters messages that were also investigated qualitatively. Hence, we conclude that no single source w
have the same meaning and credibility for all messaggieats. Specifically, most participants cited the

Denver Police Department as a more recognizable, believable and credible sourceDegattmeent of

Homeland Security when evaluatingthe 8Ad 146c har act er messages. Asl one
saw Denver PD, right of f, Il 6m | i ke, okay. Her eds
somet hingdbs going on. |l td6s Denver PD, itdéds more
participants found the federal source more ustdedable and believable than the local source because they
believed that a radiological hazard warranted a
thing I6m seeing is Denver PD. Whatnimgs$hehaorl di
meané | justé I 6m not going to take it seriously

variety of personal reasons.

The opposite was found for 1,38Baracter messages. Most participants four®l DHS a moreelievable
source because the severity of the hazard warran
Denver Police, | think O6nope, they got hacked or
contrast to the Denver mamunity focus groups, emergency management participants unanimously agreed that
local source would be more understandable or believable than a federal source across all message lengths.
While source credibility differs among message recipients, andsuaaiged on message length, a local and
recognizable sole souroeightwork best for most members of the public feost hazardsAdditional selected
participant comments regarding message source are provided in Tdl0lése®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 cowork&8% (285/496) receed a message from a local source such as the
Boul der Pol i ce, Boul der Fire Department, Boul der
Department6 % ( 32/ 496) received a message fropandBl%t at e
(155/496) received a message from a national level source suchNagitreal 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 dft@oint scale) were higher for local sourchk<5.61,SD=.704,

N = 285), than for stateM = 5.38,SD=.907,N = 32), national ¥ =5.53,SD=.810,N = 410), and personal

(M =5.38,SD=.874,N = 367) sources. See Table 24 for full resghsAppendix E).

Conclusions.There is no way to include a mixed set of message sources (as is suggested by historical resear
in a 98character WEA messag8inglesources in 9@&haracter messages had a statistically significant effect on
some sense making public response outcomes including interpretation (understanding, believing and decidin
and personalization, and, hence, likely on protective atéiking. Thequantitative and qualitative findings
indicated that local and recognizable soumeslikelythe most productive sole source to name in a WEA
message, but further research is needed to confirm these unstable conclusions.

Future research.Ifithappes t hat the nationds wireless emergen
of wireless emergency alerts, these findings suggest that a vigorous public education campaign would be
worthwhile, including formative, process and outcome evaluationwkri¢ ever possible that WEA messages

can be extended in length beyond 90 characters, research into what would constitute an optimized mixed pat
of sources would be desirable. Applied research in local communities could explore what sources are the mo
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 nolovanformation map and high information
map comparisons wer 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 lowermilling rates imply less delay between message receipt and protectivetakiranand, 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 Ve regressions to examine the effects of inclusion of a high information map, defined as
indicating the affected and unaffected -charaters and
WEA message, are presented in Table 12 (in Appendikggxpected, map inclusion had no effect on fright,
lament or milling since none of these relationshipsre statistically significant. However, the high information
map did have a statistically neap=.081anda significamtreffect e f
on personal i zp03A5)0Thesé findingslsbgfestdhat dhere would be a benefit from adding a
high information map to a WEA message. Doing so would help the public interpret and personalize the worde
message, hich 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 96character WEA message wherbgct 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
none of these relationships were statistically significant. Additionally, the efftioe high information map on
interpretatp=om9@20h=.ah2l panmd¢ o p=a0R0) renaainedastable b=. 167 an

Think -out-loud interviews and focus groupsQualitative findings provided support for the quantitative

findings and suggested thatlusion 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 informaedore taking recommended protective
actions. For 99 140 and 1,38echaracter messages, the inclusion of a high information map improved
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understanding, belief, risk personalization and

one partine,patnhte. piiFcotrur e [ map] really helps to ma
of gives it that feel that i1itbés professional, or
toread, but,andd | so | i ke the map, and | think thereds so
know i f somehow they GPS6d me and they know | &dm

concept of a map even herpattidipant. BEraeggencysnaragementiparticipantd s
preferred the inclusion of a high information map across all message lengths.

However, a few other participants stated that th
anyt hi ngmonl tséesnsceo, 0 sai d one participant. Other p
informationmap would not change theirdecisioma ki ng. A[ 1 6d do] The same t
with the map], [turn on] radio or TV, tryto verisfo me how. Tel ephone, <call the

said one participant. Al dm going tolatgeéel el @mr g
another Additional selected participant comments regarding the inclusion of amagpavided in Tables 11
17 (seeAppendix 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 ar
personalization was statistically significant.308,p<.001,DF=173).

Conclusions.The results of the quantitative experiments, corroborated by the qualitative and survey findings,
suggest that would be wise from a public safety viewpoint for WiEfessage agencies and carriers to find a
way to add a high information map to-6Baracter WEA messages and not to include low information maps at
all. High information map inclusion (specifw)ng
in 90-character messages had a statistically Bggmt 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 informationanp ( speci fying the areas affecte
location) had the opposite effect. The results of the qualitative research indicated that inclusion of a high
information map I mproved most iskpemsdializatiopanss allinessagel e
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 message:
Respectively, the outcomes for messages with all content, source missing, guidance missing, hazard missing
location missing and time missing were: 52%, 64%0147%, 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%, 4®4%and
lament; and 46%, 40%, 66%, 50%, 50%, and 40% for millilhgse results suggested thatglhelanceand
hazardelements of the contents of alert and warning messages are more important in terms of public outcom
than the other tested elements. Fomeple, 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 rece
that a high milling score implies delaypnotectve actiontaking. And wken hazard information was absent,

only 33% of the subjects were above the median regantiexgpretation 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 resilts of the multiple regression equation that examined the effects of the test messages in comparison 1
the message that included all elements are presented in Table 14 (see AppéiitixsBine two message

factors of guidance and hazard stood out agélganessage elements compared to the rest when examined
using multiple regression analysis. When guidance (describing what the public should do and how to do it) wi
omitted, the effect on interpreting what protective actions to take was negativeehglsttiong and statistically
signi fid8lgpmk. 0B %), and a significant ef@fE.006)tWhema mi
description of the hazard (describing the physical event) was omitteel vikee significant effects on

interpretlg t he ripmk. 0B02) 27 @ e r-435,p=0R2) anchlamembi-.118=045).

The results of a series of multiple regression equations that examined the effects of different test messages v
subject selection criteria were included and, hence, contrfoltede presented in Table 15 (gggpendix B.
Guidance and hazard remairted 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) weted, the effect on interpreting what
protective actions to take remained ne.464p=k0Q0t), r e
and a significant effect p=009nWhehadesgrippohafthehadas ob s
(describing the physical event) was o0 mi285p=<MQl) t he
and per s on.d35p=z0a3) rernamed( There also was a statistically near significant relationship with
the emotion of lamenbg-.114,p=.055). In addition, a new significant relationship emerged for interpreting
what protective actions to takle=.071,p=.017). When message source was omitted, the relationship with
fright was near significanbg.104,p=.079).

Think -out-loud interviews and focus groupsQualitative findings underscored the greater importance of the
guidance and hazard elements of messages compared to source, location and time. Specificatlyafact@®
messages, most participants indicated that additppo#tctive action guidance and information about the
hazard was desirable. Strong evidence for this claim comes from theotltitdud interview: Participants
consistently remarked about the lack of hazard or guidance specificity of-tha&ter mesgas. One
participant stated, Al dondét know what shelter i
buil dings. 0

Notably, fewer participants asked for additional information about the hazard or protective action guidance fo
the 140chaacter messages. Participants for the-édd@racter 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 guidéince and hazard than about these factors. For the
1,380character 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 (althougttispaetpalid
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 grotitrained professionals, insufficient information in the &d
140-character messages generated intentions to mill, that is, seek additional information prior to taking a
protective action. As one part i ¢pagiaparnts], evénasamd, N
emergency manager, I dondét think | woulnttiobh,anke s
t hen go Additmnalbsaectedtparticipant comments regarding the relative importance of message
contents arprovided in Tabled8-20 (seeAppendix H.

I
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 éentettactions respondents
should t&e to protect themselveb & . ,220D1), what locations would floo®%.138,p=.027), and by when
respondents were expected to take actien204,p=.001p correlated with message interpretation. The
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amount of information messages contained abuittance §=.202,p=.001) and by when respondents were
expected to take actioh£.191,p=.004) correlated with message personalization.

The same regressions were repeated using behavioral outcomes (i.e., reported delay before initiating the
protective ations, 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 messagergkgrmesomewhat 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 arrelationof delay to begin avoiding flood areds=1.95,p=.021); the mae

information was received, the shorter the delay to protective aetikomy. See Tables 2%3 for the full data
tables(in Appendix B.

Conclusions.The message content elementgwfiance(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
impacting in different way® the outcomes of public interpretation of the protective action recommendation,
interpretation of risk and personalization. The mgesdement ofjuidancealso seems to reduce milling

(which causes a delay in protective actiaking). These findings affirm and provide an explanation for
experiment 1 findings: Placing guidance and hazard up front irch®@cter WEA messagenstead 6in the
middle or the end of a mességeptimized 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 dn)omgnitive outcomes. Translating these findings to behavioral outcomes,
telling people the time by which they are expected to begin initiating those protective actions can be understc
as part of the guidance in that telling people how much time theyihmplies taking the given action. In other
words, telling people the time they are expected to begin taking protective action elaborates the guidance to 1
the actionThe quantitative and qualitative findings suggesbr@ content of a public alert drwarning: Tell

people exactly what to do (guidance), describe why they should do it (hazard), and wheifflftise)vho

prepare future public alert and warning messages might consider emphasizing these content topics, but not t
the exclusion of the otihe

Future research.Research is needed into how visualizations can be used to help supplement and enhance th
communication of guidance (protective action) and hazard (the risk}e¢h&@cter WEA messages. Research
should also look at whether minimakxpanding 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 9€&character messagefkespectively, 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% fo
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 14@&haracter messagesRespectivelythe outcomes for the radiological hazard,
active shooter and tsunami messages were: 34% abd 51% for interpretation; 51%, %3and 37% for

fright; 46%, 426 and 62% for personalization; 49%,%4nd 28% lament; and 68%, 38%, and 46% for
milling. Theseresults 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 1,38@haracter messageRRespectively, the outcomes for the radiological hazard,
active shooter and tsunami messages were: 62%a88 74% for interpretation; 52%, @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 o
interpretation, personalization and milling; however, they also suggest that differences existed for the emotiol
of fright and lament.

Regressionwithout controls for 90-character messagesrlhe results of the five regression equations to
examine the effects of %haracter messages for the alternative hazards of active shooter and tsunami in
comparison to the radiological hazard on the outcomagerpretation, fright, personalization, lament and

milling are presented in Table 16 (in Appendix &pnificantstatistical differences emerged for the tsunami
hazard regarding prat@0pbretmen ooprd IDISAPL3IAME.19MD + .| 1 /¢
p=. 007). One near significant rel ati onshlBOop=0%. st e
These finding suggest that variation in hazard type influenced®racter message outcomes in different

ways fa different hazards. This indicates that@taracter 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 r
and knowledge. Hence, Yharacter mesges do not result in standardized message sense making outcomes
and are influenced by hazard type.

Regression without controls for 146character messageslhe results of the five regression equations to
examine the effects of 14tharacter messages tbe 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 Byrficant statisticaldifferences emged for the tsunami
hazard regarding prat@0 Dby etlézappro@2 6 pEF=a 8 .22%mp=002). Forg  (
the active shooter hazard, two signi p=i0O@Qlpandmilinge | at
(b297p=<.001); and one near signifi c and2).Meesedndingsn s h
suggest that variation in hazard type influentetl40c har act er messagesO outcon
different hazards. This indicates that dettarater 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
knowledge. Hence, messages of th@racters appear to not result in standadlinessage sense making
outcomes and are influenced by hazard type.

Regression without controls for 1,38@&haracter messageslhe results of the five regressions to examine the
effects of 1,38@haracter messages for the alternative hazards of activeeshad 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). Norsficant statisticaldifferences emerged for any of the sense

making réationships for any of the comparison hazards. Two statistically significant relationships existed for
the active shooter hazarps. D084d)t handmwitibont bt £ mb
p=<.001). These findings suggest that viéoiain hazard types had no impact on the sense making outcome
factors examined. They also suggest that X@&0acter messages (which provide more information than 90

or 140character messages) help peaplercome preevent hazargpecific perceptionsased on factors such

as experience, prevent perceived risk and knowledge. Hence, in contrast to shorter messages, messages of
1,380 characters in lengtianresult in standardized message sense making outcomes regardless of hazard tyf
However, 1,38&haracter messages also can result in different emotional outcomes for different hazards, whi
is to be expected. Different hazards are likely to elicit different emotional reactions based on any number of
factors including, for example, recent news cogerabout similar events.

Regression with controls for 96character messageslhe results of the five multiple regression equations to
examine the effects of %haracter messages for the alternative hazards of active shooter and tsunami in
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comparison tahe 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 1
(seeAppendix B. The findings that emergedere virtually identical to the regression results obtained without
control variables in placeighificant statisticaldifferences emerged for the tsunami hazard regarding
interpretagpt«so00lb=.B887sopraldidadgt iamm190mp=HOU0L @rg neérb =
significant relationship exi st e-d26fpe087).tTiese firdicg | v e
reaffirm the finding that variation in hazard type influenced message outcomes in different ways for different
hazads indcating that 96charactemessages were not able to overcome the effect ef\aet perceptions of
different hazards likely based on greent factors such as experience, perceived risk and knowledge. Message:
of 90 characters in length do not resulttenslardized message sense making outcomes and are influenced by
hazard type.

Regression with controls for 14€character messageslhe results of the five multiple regression equations to
examine the effects of 14tharacter messages for the alternativaahds 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 preserabtei@@

(in Appendix E). The findings that emerged were virtually identical to the regression results obtained without
control variables in placeighificant statisticaldifferences emerged for the tsunami hazard regarding
interpret p<iolh [( bmeBBpRE( 4 0) an d242p=001). Thrge s{atistically
significant relationships were present pf00l),lamdnte a
(b=.p5D36) an d30mp=+£.0d01).These(firdirgyeaffirm the finding that variation in hazard

type influenced message outcomes in different ways for different hazards indicating tohtafater

messages were not able to overcome the effect efvmet perceptions of different hazards likely basegre
event factors such as experience, perceived risk and knowledge. Messages of 140 characters in length do nc
result in standardized message sense making outcomes and are influenced by hazard type.

Regression with controls for 1,38@&haracter messagesThe results of the five multiple regression equations

to examine the effects of 1,38Baracter messages for the alternative hazards of active shooter and tsunami in
comparison to the radiological hazard on the outcomes of interpretation, fright, fizegmma lament and

milling while controlling for the subject selection criteria of gender and race/ethnicity are presented in Table 2
(in Appendix E). No gnificant statisticaldifferences emerged for relationships with the sense making
outcomes of interpretation, personalization and milling. Two near significant relationships existed with
interpret pti @86 )Y band 22h e e mp=t058)p and ané sighdant rgldtianship fwvas. 1 :
present with the epre.00L)olrhesedihdingsaeaferm the fihdngs.that Yasigtion in
hazard type had no impact on the sense making outcomes of interpretation, personalization and milling. They
also suggest thd,380character messages (which provide more information thaardGcharacter

messages) help peopeercome preevent hazargpecific perceptionsased on factors such as experience,
pre-event perceived risk and knowledge. Hence, messages ofch@&ters in lengttio result in

standardized message sense making outcomes regardless of hazard type. However, these findings also sug
that hazard type does impact the emotions of fright and lament, which was revealed while controlling for
subject skection factors such as gender.

Think -out-loud interviews and focus groupsThe 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 grc
beyond rasonable limits. Hence, only the radiological hazard was examined, and generalizability across haze
types was not assessed. Crbagard generalizability was examined in the emergency management focus
group. One emergency management professional rdasedtpoi nt t hat a WEA reci pi
hazard types coul d iOnfel uenn ;mgg mihlalti nwgp ud edh anaiBer :t hfe
whet her | took i mmedi adesawhaont be hatamghaedt drb,f(
oflash flood, d something that | wunderstand coul d
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protective action] before attempting to verify.
my frame of rlefddrdenmde ,qumayb a nder s thaverihelessl emergency d a
management focus group participants unanimously agreed that content elements and order should, ideally,
remain consistent across hazard types given the challenges of atteimptisgpmize message elements to
particular hazards. @Al dondét think it [ message ¢
participant. fADo you reorder the pieces of the m
then, even just from a data collection standpoint, how do you know the effectiveness of one message versus
another, i f youdbdroaskedstaanot hgr cridddizgtibnhpigae khat yoh laarnd s
part of that padlathidc i nf or mati on, O

Conclusions.Short messages that are 90 and dracters seem to be substantially less effective at helping
people overcome there-event hazarepecific perceptionand, consequently, likely would be less effective

than longer messages$ 1,380 characters at guiding people to take protective actions appropriate to the risk the
face in an actual everithe content elements of 1,38Baracter messages delivered over mobile

communication devices seem to have standardized effects on estegardless of hazard tyfdgeneralize

across hazardsilowever, 90 and 140character messages do not. Shorter messages likely do not contain
sufficient i nf or mapreaternandwarniogregentpearaeaioopddfergntihazérds based

on personal experience, perceived risk lamowledge, whichmay or may not match the event they face. Hence,
90- and 146character messages offer less to help effectively manage public protectivaadngrthan

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 respomsearthquake 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 optimizeti4@and 1,380

character messagesre: 33%, 44%, 48 and 80% for interpretation; 46%, 50%, 5&¥%d43% for fright;

38%, 59%, 37%, and 66% for personalization; and 54%, 52%, 54%, and 29% for milling. These results sugge
that there are large differences in the outcomes of interpretation, fright, personalization and milling across
different message letftgs comparedb the standard WEA message. The 1;8B@racter message yielded
increased levels of interpretation and personalizatiod decreased delay time spent milling. The opposite was
the case for shorter messages as compared to the standdvale@®er WEA message. Thus, 1,380arater
messages would lead to maximized public protective attiking because of the effect on the intervening

factors of interpretation, personalization and milling.

The results of the four uncontrolledultiple regresions comparing the effects of optimized messages of three
different lengths to the standard-8Baracter WEA message on response outcomes are presented in Table 22
(see Appendix E)The 1,386character optimized message showed better outcomes for @téiqm,
personalization and milling, than did the standara®éracter WEA message; all of these relationships were
statistically s rgn001ircapt. ®HIBH]1ALBRF<.081nrdspectively).

The results of the four controlled multiple regressions comparing the effects of optimized messages of three
different lengths to the standard-8Baracter WEA message on response outcomes when subject selection
criteria were included in the equations presented in Table 23 (see Appendix/AgQain, the 1,38&haracter
optimized message showed better outcomes for interpretation, personalization and milling, than did the stanc
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90-character WEA message; all of these relationships were statisticallfjcsignf b = . 3 §5< .alndl ; b :
andp= . 0 1 %332 ahds=.001, respectively)

Think -out-loud interviews and focus groupsLonger messages improved understanding and slightly reduced
milling. The 98 and 140character messages may, for most peauletain too little information about the

hazard and too little guidance comparethis 1,386character message. One participant who received the 90
character message stated, ATo me, itds not speci
information in either one of t hes ech@racteranessagesdsoner
participants also found these insufficiently detailed. Nevertheless, as indicated in Ta@blA@&ndix B,
140-character messages appeareslightly reduce milling searching for additional informatiénwhen

compared to 9@haracter messages because they contained more information. In contrast, shorter messages
seemed to delay protective action because people said they would spend morartahiegstr information

before they act to protect themselves.

Some participants foundthe 2d0h ar act er messages understandabl e a

think the message is perfect as dios,a wdodes @ airta@s
going to read it. They just may be freaking out, nuclear explosion! So the shorter it is, the more likely people ¢
to really take the message. 0 Another statedneediFo
anything |l onger. 0 However , mcharactempressdgessigngiamly improves p

their understanding. Nevertheless, despite the historical evidencedbsdges that are more informativerk

best, even professional ergency managers voiced preference for-th@racter messages rather than 1,380
character messages. They also argued that Hoe&@cter message was too short, but they wereeooed that

the 1,386charactemessage might be too long. While the emergenagagement participants acknowledged

that only the 1,38@haracter messages contained enough information to enable people to take actions that
would maximize their health and safety, they nevertheless stated thelhd@@ter messages were preferable.

it 6s because of our background. dMea&wewal haadady hlee
they donét readdt éadsnd tslhhe nalt tbgntei smci ety, 0 expl ai
participant comments regarding messagetleage provided in Tables 224 (in Appendix H.

Conclusions.The scientific evidence assembled led to the conclusion that messages that acthar®886rs
produce optimized interpretation, personalization and milling outcomes, and would likelyngieiichized

public protective actiotiaking behavior. Shorter messages that are 90 andhk4@cters seem to be less

effective at guiding people toward protective action taking. There is nothing inherently better about 1,380
character messages. What is ljkihe 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 professnosgency manager opinions,

however, led to the conclusion that ielfaractr 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 applid#on 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 optimahatevtarning message length. A wadisigned
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 alertiagd warn
message length.
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4.7 Implications

Short alert and warning messages- @@d 146character messages) are unique and unlike any others: The
optimized order of their contents is unique; their limited length constrains public understanding of thefsource
the message; people are less able to understand if the message is meant for them; the key content elements
guidance (describing what to do and how to do it) and hazard (describing why they should do it) cannot be
adequately communicated; and shoemms ages cannot oceventrhazardgpecifipperogptiores.d s
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 optimiped a WBAsmessages: An alternative order of message contents
could be put into practice, message sources of a particular kind could be selected, and a public education an
marketing campaign about the WEA service could be conduttede pr o | e alsoprevidd concrdté n g s
insights to help imagine optimiz&lEA 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 icteccpran 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, ndicate more precisely by what time people should begin taking recommended protective actions, and
allow for up to 1,38@haracters in message length.

5. Add-on Research Question Findings

5.1 Introduction
This research sought answers to sevenaesearch questions. The questions were generated during the
project workshop of agency representatives, academic researchers and practitioners held in Washington, D.(
during November 2012, and they were invgstied using focus groups. They were:

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

1 How familiar are people with WEAs?

1 Do people understand the acronyms that are currently included in WEAS?

1 How might time beshbe expresses in a WEA message?

1 How might location best be expressed in a WEA message?

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

1 How well do people understand the alert and warning concepts used in messages?
The conclumns to these questions reported in this chapter were subjected to a final level of testing, to the

extent possible, in Phase Il of this project following an actual community alert and warning event to determin
whether or not they transfer into the reairld.
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5.2 Inclusion of a URL

Think -out-loud interviews and focus groupsParticipants were asked about the possible inclusion of 3 URL
auniform resource locatpdirecting them to additional information. Almost all participants agreed that
inclusionof 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 tltddsion 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 @
suggestions by participants who considereati®aracter messages:

Al woul d t lbJverallka phofeaumber or a tadio,station or something more reliable would be,
l'i ke, better.o

AYou know how in the national parks youoll be
that will say, like, turn to channel 548 for weathenditions or something. If they had room to put
something |like that in there. o

ACoul d they send ad9chatadedssay? 6THhe yolwuamaetdet nf
ask here or | ook here or herebs where to go. o

ACoul d t he tjustrbé&a linkdbot coluld theiatldress @lso be there so you could access it via
your email if you were near your computer?0

For 14Gcharacter messages, participants also valued a URL and described how it should look:

A Moder at or ] Wh aofa dRLDTo taketydu ¢o amother $itel whiere you could get more

information? Everybodyds, al most everybodyods
Al think it needs to end in |like a .gov.o
ABol d | etters. o

AMaybe a different color, so that it really s

1]

L i tkeging with R-t-p-s . 0

For 1,380characters, 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

receival one or more messages containing a hyperlink, and 66% (277/418) had not (an additional 78 could nc
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 metall). Of those who followed the link, the amount of time spent
viewing the linked content ranged from 1 to 240 minukés47.51 minutesSD=55.647 N=384).

Delay before checking local media was shorter for those who received one or more nes®agesg a link
(M=-99.97 minutesSD=511.204N=104) compared to those who did ngt=14.80 minutesSD=567.068,
N=195), but this only approached statistical significaneel(721,df = 295,p = .086). Delay before avoiding
flood areas also was sharfer those who received one or more messages containing ##iL2.18 minutes,
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SD=629.184N=90) compared to those who did nb1298.36 minutesSD=633.854N=150), and this was
statistically significantt(= 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 te&afahigg historical observation

that people who are warned engage in a search foi@ddiinformation before taking a protective action.
Inclusion of a URLn 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 investigasearcton 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 shorteengthen public response delay time, is
needed.

5.3 Familiarity with the WEA Service

Think -out-loud interviews and focus groupsParticipants for the 90140 and 1,386character messages
were asked about their familiarity with WEA messages. Masicipants were unfamiliar with them. Some
participants were familiar with other telsased warning messages as a result of participation in various opt
alert and notification systems. Others had previously received Amber Alerts on their mobils.dgsieral
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 disi¢hat the technology or warning officials were capable of determining
the physical location of individual mobile devices, reflecting a lack of undemtotthow the WEA service

wor ks. Bel ow are examples of partgwittWBAa Nt s6 ¢ omme
AAnd in the case of a national emergency, all
thousands of | ocations to send those of wus a
AFi rst of al | ,tkjow#uhthisis ke mygell phore, and | actualyhédd, and | was
used to getting the, a message of this kind o
itéds the first time | &dm seei nagmianypriotekpasure.iAred a
|l ack of any degree of being used to something
Al was thinking this was something we would h
on my phone, I mi ght be a | layingdjake dn meé ar something. k n o
But 1 d6m hoping | signed up for this [é&].0
Al think itds a gener al message, sent, it mig
know It could be just everybody, even. o
ASo they can amdaclk wahserjeuslt almpoki ng at it and

Community event survey.The average level of seléported knowledge about public mobile alerts and
warnings before the flood was 4.1STE1.619,N=495) for WEA message recipients and 3.86%1.839,

N=595) among the general population. This was measured usirgpao i nt scal e ranging
knowl edgeabl ed to 6=fextremely knowledgeable. 0o A
classified as fAnot kel wdpdationeaafl§slde, 304/59%)nauldd be cladsifed ap

~

Afinot knowledgeabl e. 0o Before the flood occurred,
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ranged from 0 to 100, with an average of 43B«11.923 N=479) for WEA recipients, and anenage 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 wmhgse. The general population

and Boulder Flood WEA alert recipients, alike, had low experienceWA messageprior 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 neediéds determined that prior knowledge improves public
response, thea campaign to educate the public about the WEA sewacad be appropriate. P 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 groupsParticipants were asked about their understanding of the
acronyms that currently are used i n WEA ome(sMoaugnet sa
Daylight Time.While some participants understood the meaning of these acronyms, others did not. For
example, several participants expressed that the aosounsed in 9@haracter WEA message might cause
confusion.

Al dondt know, it says PD take shelter, Il 6m a
for more information as well . 0
AWith all the acronymse theper,t hemtooud d spel l 0

AThat ODHS, 6 that was very ambiguous. 0

For 140character messages, participants expressed similar sentiments:

AAnd a minor not e, | got a l|ittle tripped up
Homeland Security. Thoserkida t ri pped me up for a second, bt
Al was confused. It [US DHS] |l ooks | i ke somet
meat or something | buy. Thatés the first thi
AAnd | ongabouball thekniiddle school kids that have texts and smart phones and stuff now.
Those kids obviously have no idea what that s

Participants in the 1,38€haracter messages, focus groups also expressed similar sentiments:

ARiIi ght, whatl insevMDT,? ilt sounds silly, Il 6m | i ke
|l i ke 6MDTé Mountain Standéé no, iIitdéds not that.
of silly. o

Community event survey.The community survey allowed usttoe st r esi dent sdé f ami |l i
acronym. Among WEA recipients, 72% indicated that before receiving the WEA message, they believed
ONWS6 stood for the National Weather Service (31
not know (68429).
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Conclusion.The public many have little or no understanding of some of the acronyms used in WEA message:
Hence, consideration should be given to modifying the system to discontinue the use of acronyms, educate tl
public about their meaning orcrease 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 fdmiliar to
public than others. Among WEA message recipients in the Boulder Floot] é2esawere familiar with the

NWS acronym. It is likely that in tornado alley, members of the public are well aware that NWS represents th
National Weather Service.

Future research Research on the best strategy for addressing response delays aléritautetbamiliar
acronyms is warranted.

5.5 How to Best Express Time

Think -out-loud interviews and focus groupsParticipants were asked their reactions to how time is

communi cated in WEA messages of all three |l ength
and the inclusion of a message fiexpi r at eropariicipants me
expressed mixed reactions and understanding of w

Forexample,for9%@ har act er messages, some participants re
AWe only know wheq] idutstwe sddndte kwaowmiwmhen it

l d need a date. You know, a mont
d warning?o

1]

And they wou
t an ol d, ol

AWhen was this sent?!0
Alf they would put an alert ti me, O0lAltelritnHK stshue

Some participantsinthe 140h ar act er messages focus groups expr ¢
time:

ALi ke .m[:t00e pwar ni ng expiration time, which was
dissipate intd youknowdeven i f 1 tdés 20 hours away. 0

Al was kind of thrown off by o6the warning exp
happenear what | shouldloor , you know, i1itdés not really inf
Al think it would be easi emm.idof Yiotu vkamwlwg joMWs&atr n
me means | i ke, yeah, ther e6st ncoh anocnecse ranr ea naytmog
gonna be things to talk abountd cSuot sj udsotwns ayyoiunrg
and ités a | ot clearer. o

Some participantis the 1,386character messages focus groups consideredsphaific words would speed
protective action taking:
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Al thought that I f you said oO0i mmediately, 6 it
you tel]l me how much time | O6ve got to wodone wi
before, you know? But if ités I mmediate, itds
you start going right away. o

Emergency management participants also considered what specific words would speed protective action taki

ATenowd word for me is an i mportant qualifier
now. Il need tdsmothavtai dpe irfeip@arword I n a messeé
action piece is important. o

Al t hiprok etnhhata,l 'y, the wor dolbutrlgiemk 6t her éd6®nso
wordopdapl e dondt hear it that often, and the)
following the 6éDenver PD, 06 something about th.
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 rea
them, with an average of 22.180§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. QuéBl messages
express time by stating when the message expires so that such messages do not persist in perpetuity. This s
an important function, but also confuses the public and may delay action taking. If time is expressed in WEA
messages with lanmgge about the time a message expires, consideration also should be given to communicat
the time a message fAbeginsodo (without increasing
messages should cleadtatewhat time people should bedisking the recommended protective action.

Future research Focused researdéh needeadn how to best communicate the onset of a WEA message
without increasing message | ength. For exampl e,
capitalizing all the letters in those words help to communicate that the message is already imeffgeople
receive it.

5.6 How to Best Express Location

Think -out-loud interviews and focus groupsParticipants were asked about their reactions to the way hazard
location is expressed in WEA messages. Several participants suggested that the bestpragsttoeation

would be to increase message length so that location descriptions could be added that included the names a
geographical boundaries of the affected areas. B

AMaybe this i s n avhengoulgagemdvarrang abbub tgryesidorinstance, they say

for Adams, Arapahoe, and Denver counties, the
were a bit more specific, |like o6afwlatewngr Liitt
more informative. o

ALIi ke when webre, we watch TV and theyodre |iKk
way we already know that i1identifies where i11t0
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il think the best t hi ng onitpsojdstlikevsmmnlwarnings) s menibers t
of Jefferson, Adams, whatever counties. | thi
away, cause everyone knows which county theyo

Community event survey.On average, WEA recipms thought the likelihood that the WEA message they
received was meant for them was 4.59€1.630,N=427)onasix-poi nt scal e where 1 m
and 6 meant fAextremely | ikely. o0 More thanbea quar
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 9€character limit of current WEA messagesh e phr ase fin this
effectively work to communicate who is and who is not located within the risk area. Each WEA message that
states Ain this areao but does nnwytraiatipepeceyerthatthe h e
phrase Ain this ar etiweaessohcurrem WEA neegs@gesynay rdimaie sugpfe$sed until
they can be distributed to finer geospatial targeted populations so that the messages only reach the people w
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 b
training the public to ignore WEA messages altogethlso, ahigh priority research areatl®w 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 groupsParticipants were asked about their understanding of the
concepts used in alert and ,wawanrinnign gnoe sashadg efiss,h efl otre
participants understood the meaning of such terms, others did not. Below are examples of comments made b
participants who considered-80aracter messagdswever, similar sentiments were expressed for the use of
such terms in 140and 1,38echaracter messages:

AJust thinking of the word o6warning, 6 | know
|l evel s. Thereds a o6éwat chpoédaan &dtwak md w ga 1610 luhih ea |
also makes me wonder on this how faralongot he scal e are we? Yeah. I

AThat 6s the thing. | dondété Is that what it |

AAl so, |l would assume that | would have been
message, through some sort of educatioaalhq ai gn. 0

Al't should sayJdoGdaytdo®ntshdad eDhaoements@ytshoudgay t o
something |like, whaté | mean you say O6shelter
AActuall vy, Il thinkmat |toe aorfi peotpd ea wosheal { et & ]
we go, where do we go0?0

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 thage€2%2/485) 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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t hought represented moving to Ahigher ground. o0 R
(SD=48.112). A total of 61% reported O 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 tf
assumption that the public understands terms sushedier,evacuateandhigher ground since mospeopledo

not. Alert and warning messages that are shait@mntain concepts such siselter,evacuate and higher

groundwill mean very different things to different people who receive the message. For example, the standar:
evacuate to higher grourtdunami message may mean twenty feet above sea level to sonoaeamundred

feet above sea level to others. Similar confusion exists regarding flood evacuation as evidenced in our
community event survey. Short-88nhd 146character messages are, therefore, not likely to provide for public
health and safety in rapidhset 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 shoulc
described to the extent possible. Sh@xt#&hd 146character mesages 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 96haracter messages with longer messages in which basic aleraaridgs concepts could
be described.

5.8 Optimum Level of Fear Arousal

Think -out-loud interviews and focus groupsThe purpose of conducting focus group research on optimum
fear arousal was to determine what level of fear (low, medium or high) prodptiedzed levels of message
understanding, belief, personalization, decision making and milling. A total of six messages that were 90, 14(
and 1,38@haracters in length were tested, and they elicited participant emotions rangin@afrnano resolve
(seeAppendix F). No patterns were discerned; thus, it was not possible to answer this research question usin
this research method.

Community event survey.A total of 87% (374/428) reported having checked local media, and 70% reported
having avoided flood aas (300/429)The fear scale score was not correlated with the amount of time that
elapsedrom the time of WEA receipt until the respondent initiated checking local medi@@3,p=.954,

n=351), nor was it correlated with the amount of time éhapsed from the time of WEA receipt until the
respondent initiated avoiding flood are&s-(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 emotionave on public alert and warning response could not be clarified based on the
Phase Il experiments and focus groups, the community survey data allowed for testing the relationship betwe
level of fear and behavioral outcomes. Findings showed that theveréationship between level of fear and

the amount of delay before respondeniisated checking local media and avoiding flood arééesssages that

are crafted specifically to maximize fear may not be effective in motivating protective a¢tenske

emotions may play in making sense of and responding to public alert and warning messages remains unclea

Future research.The role of message attributes on fear and other emotional outcomes shioutbdre

examined and taken into accouRarticularly, research should examine how linking fear (and other emotions)
to risk personalization may determine warning message responses. Given that no found prior research exam
the role of emotions in responding to alert and warnings, this ihghigyity 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 messaga recipient.
WEA Diffusion Curve was created using general population survey data. @kghendents from the general
population sample, 539 recalled whether or not they received the WEA message (539/597, 90%). A total of 2
reported having received the first WEA (223/539, 41%). Of the 539 general sample respondents who
remembered whether aot 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
WEA, but could not remember the time (30/539). Those who reported rebdiMgEA message before it was

i ssued were recoded to fizero0 minutes. Just over
message when it was issued, more than 20% read it within the first half hour, with just over a third of the
population evetually reading the messa¢gee he WEA Diffusion Curvein Appendix M.

Conclusion.The WEA service distributemessageon a steep trajectouring the studied flood everand

wasan effective alert technology Boulder which wasits originalsole intendeghurposeMore than 15% of

city residents surveyed read the first WEA immediately at the time it was i§heedffectiveness of the WEA
service is anticipated to grow as more people obtain phones that are WEA comidatigeer, @idence

suwggests that some members of the public who receive WEA messages do not read them immediately when
they are deliveredwvith a delay of more than 24 hours for some individuatilitional outreach and education
about the WEA service and WEA messages areatetdhelp speed the rate at which members of the general
public read the WEA messages they receive.

6.2 Guidance Mobilization Curve

Community eventsurveyA mobi |l i zati on curve represenfoi ndathde
the guidancéndicated in the WEA messageascreated using the WEA survey sample. Of respondents who
received the first WEA message (i.e., members of the WEA sar8pbdr,emembered whether or not they
checked local media (428/496). Of those who recalled whethert ¢tiney checked local media, 87% indicated
that they had checked local medsd4428), and 13% did not (54/428). Of this group%32137/428) reported
having checked local medeforethe 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 ewimbering 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 aft
the first WEA was issuedbout a third of the sample had been checking local media prior to tlen s of

the first WEA message, with an increase to almost 50% within the first 15 minutes following the message
delivery(see themobilization curve forhis guidance actiom Appendix M).

Conclusion.The Boulder initial WEA message was effective in imating people to follow the recommended
guidanceo check local media. Study results provide the first evidencaiia® messages can be effective in
reaching and motivating immediate action taking, at least in the case of milling, among a porticgeattiaé
public. WEA holds great promise of bawwamingg an i
mechanism. Public education about the WEA service, WEA messages and hazards in general may increase
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
variableghey 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 1
that elapsed before WEA recipients begarckimg local media. Specifically, the interpretation scale score was
negatively associated with delay until checking local medial(@3, p=.007, df=268); the greater the
interpretation, the shorter the delay in initiating the protective action. Thergtipn (r=.133, p=.015,

df=332) and personalization ¢&£28, 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 tl
delayin initiating the protective action (See the correlation matrix included in Appendix N)

Conclusion.Evidence supports the outcome scale scores used in the Phase Il experiments. The fact that bott
the interpretation and personalization scale sama®lated with behavioral outcomes lends further credibility

to the Phase Il findings. Theebased scales created to measure cognitive constructs can be effectively used ir
warnings and risk communication research. It is not particularly surprisinthéheglationship between the
personalization scale score and time delay until checking local media was not significant given the fact that tr
protective action, ficheck | ocal medi ao is relati
members of the public may be inclined to check local media during weather events because of curiosity, ever
when they do not feel they are the intended recipients of the message.

Future research.Future research should investigate the importance of pédiriian for different
recommended protective actioas 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 theoifqrussearch. It was

that visual stimuli including bullets, bolding, iconography (source wgeal, 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 resp&@wmend, color, size, shape and style could all potentially
influence WEA message interpretation audbsequent respongmit 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 messageAfter the thinkoutloud interviewsfocus groups and
experiments, the projectds test messages were re
message content and order optimized factors that historical research has documented to enhance public
protective action taking. Ese templates merit further revision should additional characters be added to WEAs
(e.g., moving from a S@haracter limit to a 288haracter limit), as well as consideration of different map
elements. Optimized message factors included interpretatiolrgianding, believing, deciding), personalizing
and milling The resulting optimized 90140 and 1,386character messages (with high information maps) for
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the radiological, shooter and tsunami hazards test messages follow. The five key alert andconatemsg

elements in these messages are color coded as follBllige guidance hazard location anciEHNGHORTN:
These messages are for specific hazards, but their content topics and order are applicable across hazards.
Although the 99and140-character messages that follow are optimized, project results also document that the'
may be too short to complete the public alert and warning mission; howeverch&&@ter optimized

messages have sufficient length and content to maximize pelalithfand safety.

Key: BBliiGkguidancenazardocation [EiiNGHORIN-

Optimized 90-character radiological hazard WEA messagdBalEMA Take shelter novRadiological

Hazard Warningn this areiiIIIZ00RVIBDY

Key: EBliieguidancehazardocation EHINaUONMIN-

Optimized 90-character shooter hazard WEA messagdSaBEMA Take shelter nowaw Enforcement

Warningin this are iS00S
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Optimized 90-character tsunami hazard WEA messagdBalEMA Evacuate now sunami Warningn this
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Key: BBliGeguidancehazardocation [EiiNatoni-
Optimized 140-character shooter hazard messag@aBEMA If you are in Mall, evacuate if safe Hide if
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Optimized 140-character tsunami hazard messagdS@lEMA Evacuate to higher ground ndgunami
Warning Waves over 40 feet above sea |gvérange Count jlGiRINGIGXPICSIOOONRVINED T
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Key: §8lli€rguidancehazardocation [EHNENOMMIN:

Optimized 1,380character radiological hazard messag

Y.
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 caus
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Key: SOUFeeguidancehazardocation [EHMINAtONIMC
Optimized 1,380character shooter hazard messag&alilomiclEmergencyanagementAagenezople

were shot at the Brea Shopping Mall food court beginning at 2:00 PM PDT. Police believe that the shooter is
still inside theMall. The shooter is armed and deadifis Police Warning is for the Brea Shopping Mall and
surrounding area#f. you arein the Mall and a safe escape path is available use it now. Leave your belongings.
Help others escape if possible. Do not move wounded pdbptai see the police, keep your hands visible and
follow their instructionslif you are in the Mall near the sbier and cannot escape, find a protected place to hide
out of t he D®hobrestriet yodescape bptioms. Lock and blockade the door. Silence all sources
of noise and remain quiet. If evacuation and hiding are not possible, dial 911. Ifnymisjzeak, leave the line
open and allow thdispatcher to listen. As a last resort, and only if your life is in danger, attempt to stop the
shooter bythrowing items, yelling, or using things around yasuweapons. 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 fc

more information and official ujates iSINcssagcIeXpilcSIa:00 PP T .
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Key: SOUFeeguidancehazardocation [EHMINAONIMC
Optimized 1,380character tsunami hazard messagdSaliioiicIEMergencyvianagementagenaylarge

earthquake occurred off the coas¥Wdéshington 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 sdmievel or higher.

Tsunami waves can be deadly and cause injury and widespread d@imagesunami Warning is issued for the
entire Orange County coastline and all surroundingliomg areasYou will be safest if you immediately get

to high ground bat 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 arisighbuilding, if one is available. Evacuate out of
the area only if you know where the tsunami-tygzone 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 y«
can because a tsunami will strike in a few moments. If you are not in a tsunamiangaactay away. Once

you are in a safe location, stay there until advised by officials that it is safe to leave. Keep listening to this anc

other media for more information and official updaiESSIMESsageIEXpIlcSIANOI00PIVIE DT .
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7.2 Optimized Message Templates

Key: 80UFeeguidancenazardocation [EHINatONINC

Construction of optimized message template3hree sets of optimized message templates (for the
radiological, shooter and tsunami study hazards) fari3@ and 1,386character messages are provided
below. The five key alert and warning content elements in these messages remain color coded as follows:

§ouree guidance hazard location and [EHiNGHONMTIMC

Optimized 90-character radiological hazard WEA message templatcS0lieeguidancehazardocationand

Optimized 90-character mall shooter hazard WEA message templat@Blileeguidancenazardocationand
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Key: SOUFeeguidancehazardocation [EHMINAONIMC

Optimized 90-character tsunami hazard WEA message templat@@lileeguidancenazardocationand

Optimized 140-character radiological hazard message templat§iiSeinameionanocalianaamili

Shelter in a sturdipuilding within 5 minNuclear explosion ifiinsert location herpRadiation

blowing toward[insert location herk NEERINCIEXDIE INSeImeIeIE | |imit the length of this message to

140 characters including spades

Optimized 140-character mall shooter hazard message templatfliSertnameionenocalancriamilicr
- If you are in Mall, evacuate if safe Hide if shooter nedbgple shot ifinsert name of mall
herd [limit the length of this messatge 140 characters including spages
Optimized 140-character tsunami hazard message templat@iiseinameonaocalanciamiliarmesss e
SOUiFed Evacuate to higher ground ndvsunami Warning Waves ovEinsert height in feet hejen [insert
locationherd ERRINGIEXBIC INSCIMIMeINeIR |imit the length of this message to 140 characters including
spaces.

Optimized 1,380character radiological hazard message templat¢§iiSeinameionanocalanoamilic
MESSAGEISOUiEEA nuclear explosiomccurred in ihsert locationherd at [insert timeherd. High levels of

radiation are blowingifsert wind directiorherd in the wind and falling to the ground. Exposure to radiation

can be deadly and cause ilineBge affected area includegagert a readily identifiable description of the
plumeés northern, sout herherd TeisisatMandatory Shetied Ordee ¥ou ean n
increase your chances of surviving by immediately going deep inside a tall building, baseoengroumd

garage or earth covered tunnel. Shelters of brick, concrete, and earth protect best. Stay in the building you at
unless you can reach a better shelter in less than 5 minutes. Close windows, doors, and fireplace dampers. 1
off heat, air andrentilation 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 dingerf the following if it is part of your
radiological emergency plan: Do not go to scisim get children. School children are being sheltered and

cared for. We will give you more information later about how to reunite with.}liepou are not in the area,

stay out. Stay in your shelter uniih§ert time and datberd. Keep listening tahis and other media for more

information and official update SiSINEScatCICRDIC SIS CImIEneIe [imit the length of this message to

1,380 characters including spages

Optimized 1,380character mall-shooter hazard message templatSiSeItnameIonaNocaNanamilia
MESSAgESOUipErcople were shot at thimgert a readily identifiable name or description of the locatiend
beginning atipsert timeherd. Police believe that the shooter is stitidert locationherg. The shooter is armed
and deadlyThis Police Warning is for the Brea Shopping Mall and surrounding dfgasi are in [nsert mall
nameherd and a safe escape path is available use it now. Leave your belongings. Help others escape if
possible. Do not move wounded peopigiou see the police, keep your hands visible and follow their
instructionslf you are in the mall near the shooter andnta escape, find a protected place to hide out of the
s h o ot e rDo sot restrie ypuescape 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 spea&ijeave the line open

and allow thalispatcher 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 yasuweapons. If you are concerned about someone who
may be ingile [insert mall namderd, do not to call them. This could alert the shooter to their location. If you
are not insideipsert mall namdaerg, stay out. Stay away fronmjsert mall naménerg until further notice.

Keep listening to this and other media foore information and official updatdEiSIMESSagCICXDIlCSIaIS et
BIRERSEEN [Iimit the length of this message to 1,380 characters including paces
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Key: SOUFeeguidancehazardocation [EHMINAtUONMC

Optimized 1,380character tsunami hazard message templatliSeitnamelonanocalancamilianmesss ge
SOUFEENA large earthquake occurred off the coastainiie locatiorherd at [insert timeherd. It has generated
a tsunami. The first wave will hihame the at risk coastlirteerd at [inset timeherd. Other larger waves will
strike over many hours. The waves will move onshore very quickly, and may reach heigigsroefstimated
wave heighherd above sea level or higher. Tsunami waves can adlgand cause injury and widespread
damageThis Tsunami Warning is issued for the entire Orange County coastline and all surrounélyigdow
areasYou will be safest if you immediately get to high ground of at least 50 feet or more if you are @n ar ne
beach anywhere inrsert the name of or a description of the coastline attresid. If you cannot reach high
ground, evacuate to an upper floor of a higie building, if one is available. Evacuate out of the area only if

you know where the tsunamun-up zone ends and if you can cross its boundary no lateritiss@mt[estimated

time of tsunamis arrivédierd. If you see the ocean water pull back and expose the sea floor, run to high grounc
as fast as you can because a tsunami will strike in a@nvents. 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 listenir
to this and other media for more information and official upd

[limit the length of this message to 1,380 characters including Spaces
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Appendix A: Experimental Designs

Table 1 Experiment 1 Design (Conducted Online):

90-Character Messages Mobildevices (Order, Source, Maps)

Experiment 1 Experiment 2 Experiment 3
Order Source Maps

UnigueMessage# 1 |2 | 3|4 (5|6 |7 1 10| 1 11 | 12
Message Feature 112|3)|4 3* 511 | 2 3
Orderi 1 (HLTGS) *WEA Standard | X X | X|X X | X | X
Orderi 2 (HLGTS) X
Orderi 3 (GTHLS) X
Orderi 4 (SHLTG) X
Orderi 5 (SGHLT) X
Orderi 6 (GHLTS) X
Source level 1 (local) X
Source level 2 (state) X
Source levei 3 (federal) XX | X|X]|X|X X X | X | X
Source level 4 (IPAWS) X
Source level 5 (CDC) X
Mapsi 1 (absent) XX | X[X|X[X|X[X|X|X|X]| X
Mapsi 2 (low information) X
Mapsi 3 (high information) X

Table 2 Experiment 4 Design (Conducted Online):

1,380Character Message for Mobile Devices (Relative Importance of Content Elements)

Unique Message # 13 | 14 | 15| 16 | 17 | 18
Message Feature 1 2 1314 ]5 6
Elementi 1 (Source) X X X | X
Elementi 2 (Guidance specificity, including time, milling) X X X | X | X
Elementi 3 (Hazard specificity) X X | X X | X
Elementi 4 (Location specificity, including map) X X | X | X X
Elementi 5 (Termination specificity) X X | X | X | X
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Table 3 Experiment 5, 6, and 7 Design (Conducted Online):
90, 140, and 1,386Character Messages for Mobile Devices (Generalizability across Hazards

Experiment 5 Experiment 6 Experiment 7
90 140 1,380
Generalizability | Generalizability | Generalizability
Unique Message # 19 | 20 | 21 | 22 | 23 | 24 | 13 | 25 | 26
Message Feature 1 2 3 1 2 3 1 2 3
Lengthi 1 (90 characters) X X
Lengthi 2 (140 characters) X X X
Lengthi 3 (1,380 characters) X X X
Hazard Typé 1 (Improvised Nuclear X X X
Device
Hazard Typé 2 (Active Shooter) X X X
Hazard Typé 3 (Tsunami) X X X

Table 4: Experiment 8 Design (Conducted in the Laboratory):
90, 140, and 1,386Character Messages for Mobile Devices (Relative

Efficacy

Unique Message # 1 19 | 22 | 13
Message Feature 1 2 3 4
Lengthi 1 (90 characters STANDARD WEA)
Lengthi 2 (90 characterk optimized) X
Lengthi 3 (140 characteris optimized) X
Lengthi 4 (1,380 characteiisoptimized) X
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Appendix B: Experimental Messages

Table 5 Experimental Messages Key: BOUrCeguidancehazardocation [EimiNGUONmE
Message

Number  Message Text Maps
1 Radiological Hazard Warnirig this are JIII00ANMIED) Take shelter now NONE
90 WEA -

Current

2 Radiological Hazard Warnirig this arearake shelter noiflI200ANMIEDN NONE
90 HLGTS ISIDER

3 Take shelter noliHIIZ0OANIEDS Radiological Hazard Warnirig this area NONE
90 GTHLS USIDHS

4 US DHSRadiological Hazard Warnirig this are IIZI00ANIEDN Take NONE
90 SHLTG  shelter now

5 BSIBHS Take shelter novRadiological Hazard Warnirig this are [l NONE
90 SGHLT  EOANIEET

6 Take shelter nowRadiological Hazard Warnirig this areJIIIS00ANIEEN NONE
90 GHLTS ISIDES:

7 Radiological Hazard Warnirig this are inNIZ00ANIEDN Take shelter now NONE
90 Local OCFA

8 Radiological Hazard Warnirig this are inNIZ00ANIEDN Take shelter now NONE
90 State  [CANENMA

9 Radiological Hazard Warnirig this are JiII00ANMIED) Take shelter now NONE
90 WEA -

10 Radiological Hazard Warnirig this are ZiIZI00ANIEDN Take shelter now NONE
socbCc  [EBE

11 Radiological Hazard Warnirig this are JIIIZI00ANMIED) Take shelter now A
90Map  USIDHS

Low

12 RadiologicalHazard Warningn this are JiIIIZI00ANMIEDN Take shelter now B

90 Map  [USIDHS

High

13 CAL EMA. This is a Mandatory Shelter Order. You can increase your chance BEST
1380 Best surviving by immediately going deep inside a tall building, basement, ORDER,
Full underground garage or earth covered tunnel. Shelters of brick, concrete, anc SOURCE,

protect best. Stay in the buildiygu are in unless you can reach a better sheltt
less than 5 minutes. Close windows, doors, and fireplace dampers. Turn off
air and ventilation systems. Do not evacuate. Stop driving and take shelter. * SGHLT
and your loved ones will receive less &t@in in a shelter no matter how fast yc caL
drive. Do not go to schools to get children. School children are being shelter:

and cared for. We will give you more information later about how to reunite v

MAP:
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them. If you are not in the area, stay out. Stayour shelter until 1:00 PM PDT EMA
March 17, 2013. Keep listening to this and other media for more information MAP B
official updatesA nuclear explosion occurred in Los Angeles at 1:00 PM PD1

High levels of radiation are blowing southeast in the wind and falling to the

ground. Exposure to radiation can be deadly and cause illffessiffected area
includes: all of Los Angeles and Ogancounties, western Riverside County fro

I-15 west, and northern San Diego County from Oceanside filigimessage

14
1380 Omit:
Source

This is a Mandatory Shelter Order. You can increase your chances of survivi BEST
immediately going deep inside a tall building, basement, underground garag ORDER,
earth covered tunnel. Shelters of brick, concrete, and earth protect best. Sta SOURCE,
buildingyou are in unless you can reach a better shelter in less than 5 minut MAP:
Close windows, doors, and fireplace dampers. Turn off heat, air and ventilati :
systems. Do not evacuate. Stop driving and take shelter. You and your lovec SGHLT
will receive less radition in a shelter no matter how fast you drive. Do not go CAL
schools to get children. School children are being sheltered and cared for. W EMA-
give you more information later about how to reunite with them. If you are nc MAP B
the area, stay out. Stayyour shelter until 1:00 PM PDT March 17, 2013. Kee|
listening to this and other media for more information and official updates.

nuclear explosion occurred in Los Angeles at 1:00 PM PDT. High levels of

radiation are blowing southeast in the wind andrfglto the ground. Exposure t
radiation can be deadly and cause ilinég$é® affected area includes: all of Los

Angeles and Orange counties, western Riverside County fitBrwlest, and

northern San Diego County from Oceanside ndiliisimessage expires

15
1380 Omit:
Guidance

nuclear explosion occurred in Los Angeles at 1:00 PM PDT. Hi BEST
levels of radiation are blowing southeast in the wind and falling to the grounc ORDER,
Exposure to radiation can be deadly and cause illi@gsaffected area includes SOURCE,
all of Los Angeles and Orge counties, western Riverside County frod®bl MAP:
west, and northern San Diego County from Oceanside ridisimessage expirc '

al 1200AM POT SCHLT

CAL
EMA
MAP B

16
1380 Omit:
Hazard

CAL EMA. This is a Mandatory Shelter Order. You can increase your chance BEST
surviving by immediately going deep inside a tall building, basement, ORDER,
underground garage or earth covered tunnel. Shelters of brick, concrete, anc SOURCE,
protect best. Stay in the buildilygu are in unless you can reach a better shelt: MAP:

less than 5 minutes. Close windows, doors, and fireplace dampers. Turn off '

air and ventilation systems. Do not evacuate. Stop driving and take shelter.® SGHLT
and your loved ones will receive less &tain in a shelter no matter how fast yc CAL
drive. Do not go to schools to get children. School children are being shelterr EMA
and cared for. We will give you more information later about how to reunite v MAP B
them. If you are not in the area, stay out. Stayour shelter until 1:00 PM PDT

March 17, 2013. Keep listening to this and other media for more information

official updatesThe affected area includes: all of Los Angeles and Orange

counties, western Riverside County frorh3 west, and northern Sarneigo

County from Oceanside norfiiiSiNESSAGEIEXPifeSIANTI200ANIP DT
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17

1380 Omit:

Location

CAL EMA. This is a Mandatory Shelter Order. You can increase your chance BEST
surviving by immediately going deep inside a tall building, basement, ORDER,
underground garage or earth covered tunnel. Shelters of brick, concrete, anc OURCE,
protect best. Stay in the buildilygu are in unless you can reach a better sheltt MAP:

less than 5 minutes. Close windows, doors, and fireplace dampers. Turn off :

air and ventilation systems. Do not evacuate. Stop driving and take shelter.® SGHLT
and your loved ones will receive less itin in a shelter no matter how fast yc CAL
drive. Do not go to schools to get children. School children are being shelterr EMA
and cared for. We will give you more information later about how to reunite v MAP B
them. If you are not in the area, stay out. Stayour shelter until 1:00 PM PDT

March 17, 2013. Keep listening to this and other media for more information

official updatesA nuclear explosion occurred in Los Angeles at 1:00 PM PD1

High levels of radiation are blowing southeast in the wind anithdetd the

ground. Exposure to radiation can be deadly and cause ilSonessagc
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1380 Omit;

Termk
nation

This is a Mandatory Shelter Order. You can increase your chance BEST
surviving by immediately going deep inside a tall building, basement, ORDER,
underground garage or earth covered tunnel. Shelters of brick, concrete, anc OURCE,
protect best. Stay in the buildilygu are in unless you can reach a better sheltt MAP:

less than 5 minutes. Close windows, doors, and fireplace dampers. Turn off '

air and ventilation systems. Do not evacuate. Stop driving and take shelter.® SGHLT
and your loved ones will receive less &ttn in a shelter no matter how fast yc CAL
drive. Do not go to schools to get children. School children are being shelter EMA
and cared for. We will give you more information later about how to reunite v MAP B
them. If you are not in the area, stay out. Stayour shelter until 1:00 PM PDT

March 17, 2013. Keep listening to this and other media for more information

official updatesA nuclear explosion occurred in Los Angeles at 1:00 PM PD1

High levels of radiation are blowing southeast in the wind anithdetd the

ground. Exposure to radiation can be deadly and cause illffesgffected area
includes: all of Los Angeles and Orange counties, western Riverside County

I-15 west, and northern San Diego County from Oceanside north.
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BEST
ORDER,
SOURCE,
MAP:
SGHLT
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EMA

MAP B

Take shelter novRadiological Hazard Warnirig this are i

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1
RESULTS]
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Best 90i
Shooter

Take shelter noiaw Enforcement Warning this are BEST

ORDER,
SOURCE,
MAP:
SGHLT
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EMA

MAP B

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1
RESULTS]
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Best 1380
T Shooter

CAREMA Evacuate now sunami Warningn this are JiiNcI00IENIEDI

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1

RESULTS]

BEST
ORDER,
SOURCE,
MAP:
SGHLT
CAL

EMA

MAP B

CAREMA Shelter in a sturdy building within 5 mhiuclear explosion in LA

Radiation blowingoward Orange Coun {iEiRiRgIEXpiicsIo00IENIPE T

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1
RESULTS]

BEST
ORDER,
SOURCE,
MAP:

SGHLT
CAL
EMA
MAP B

RESULTS]

CAL EMA If you are in Mall, evacuate if safe Hide if shooter neabypleshot

at Brea Shopping MallValifiingiexpifesi9:00 PNIPD T

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1

BEST
ORDER,
SOURCE,
MAP:
SGHLT
CAL

EMA

MAP B

RESULTS]

CAREMA Evacuate to higher ground ndvsunami Warning Waves over &€t

above sea levéh Orange Countjli@fninglexpiresi9:00/PNIPD T

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1

BEST
ORDER,
SOURCE,
MAP:
SGHLT
CAL

EMA

MAP B

protected

pl ace

CAL EMA! If you are in the Mall and a safe escape path is available use it nc
Leave your belongings. Help others escape if possible. Do not move wounde
people.lf you see the police, keep your hands visible and follow their
instructionslf you are in the Malhear the shooter and cannot escape, find a
h Dochet restricttyoues€apet h e
options. Lock and blockade the door. Silence all sources of noise and remail
quiet. If evacuation and hiding are not possible, didl ¥lyou cannospeak,
leave the line open and allow tispatcher to listen. As a last resort, and only
your life is in danger, attempt to stop the shootethbywing items, yelling, or
using things around yoas weapons. If you are concerned alsameone who
may be inside the Mall, do not to call them. This could alert the shooter to th
location. If you are not inside the Mall, stay out. Stay away from the Mall unti
further notice. Keep listening to this and other media for more information an

to

BEST
ORDER,
SOURCE,
MAP:
SGHLT
CAL

EMA

MAP B
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official updatesPeople were shot at the Brea Shopping Mall food court begin
at 2:00 PM PDT. Police believe that the shooter is still insid&éde The
shooter is armed and deadhhis Police Warning is for the Brea Shopping Mall
and surrounding aredBhiSimessagelexpifesiat 400PVIPDT.

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1
RESULTS]

26 CAL EMA. You will be safest if you immediately get to high ground of at leas BEST

Best 138Q° feet or more if you are on or near a beach anywhere in Orange County. If yo ORDER,

Tsunami cannot reach high ground, evacuate to an upper floor of aisgbuilding, if one sqoRrcE
is available. Evacuate oaf the area only if you know where the tsunamramn MAP:
zone ends and if you can cross its boundary no later than 1:40 PM PDT. If yi )
the ocean water pull back and expose the sea floor, run to high ground as fa SGHLT
you can because a tsunami will strikea few moments. If you are not in a CAL
tsunami impact area, stay away. Once you are in a safe location, stay there EMA
advised by officials that it is safe to leave. Keep listening to this and other m MAP B
for more information and official updates.large earthquake occurred off the
coast of Washington state at 1:00 PM PDT. It has generated a tsunami. The
wave will hit the Orange County coastline at 1:45 PM PDT. Other larger wav
will strike over many hours. The waves will move onshore very quiekigh may
reach heights of 40 feet above sea level or higher. Tsunami waves can be d:
and cause injury and widespread damaddes Tsunami \Warning IS issued for th
entire Orange County coastline and all surroundingliomg areasThiSimessage

[ORDER, SOURCE, MAPS DETERMINED BASED ON EXPERIMENT 1
RESULTS]

Key: SOUféeguidancenazardocation [ETmiNGHONNC

Map Descriptions

Map A:IND (Radiological Hazard) Low Information
Map B: IND (Radiological Hazardjligh Information
Map C: Shooter Low Information

Map D: Shooter High Information

Map E: Tsunami Low Information

Map F: Tsunami High Information
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Appendix D: Example Questionnaires frominternet and
Laboratory Experiments

Message Testing - 1A

Consent

This online survey is being conducted as part of a research study. Please read the description below and indicate whether or not you wish to
participate.

Why is this study being conducted?
The purpose of this study is to learn how to better communicate with the public using alerts and warnings delivered on cell phones and other
mobile devices. The study will explore what people think about different types of warning messages.

‘What happens if | participate in this study?
If you choose to participate, you will be asked to answer some questions about different warning messages; the questions will take approximately 10
minutes to answer.

What are the possible discomforts or risks?
There are no foreseeable risks to participating in this research.

What are the possible benefits?
There are no benefits to you as a research participant.

Who is paying for this study?

This research is being paid for by the U.S. Department of Homeland Security Science & Technology First Responder Group via a contract
administered by the National Consortium for the Study of Terrorism and Responses to Terrorism (START), a DHS-funded Center of Excellence
based at the University of Maryland.

Is my participation voluntary?
Your participation is voluntary. You have the right to choose not to participate. If you choose to participate, you have the right to stop at any time.
If you refuse or decide to withdraw, you will not lose any benefits or rights to which you are entitled.

Who will see my research information?
Your identity will remain anonymous to the researcher. Your name and contact information will not be stored with your answers. The results from
the research may be published. Your identity will not be disclosed and your name will not be linked with your answers in any published reports.

Who do | call if | have questions?

This study is being conducted by Michele Wood, a researcher at the California State University, Fullerton. Michele Wood may be contacted at
(657) 278-7330 or mwood @fullerton.edu should you have questions or to report a research-related problem. You may contact the California State
University Fullerton IRB at (657) 278-7640 if you have questions or comments about your rights as a study participant.

Consent
If you wish to participate, click "Next" below. If you do not wish to participate, click "Exit this survey" at the upper right corner of your web browser.

By clicking "Next" you give your consent to participate in this research.
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