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Abstract

S

Currently, a'bindry alarm system is used in the United States to issue deterministic warning
polygons in case\ef tornado events. To enhance the effectiveness of the weather

L

informati lihood alarm system, which uses a tool called Probabilistic Hazard

Informati is being developed at National Severe Storms Laboratory to issue
probabilisfic information about the threat. This study aims to investigate the effects of

providing t

Fl

rtainty information about a tornado occurrence through the PHI’s

graphical laypeople’s concern, fear, and protective action, as compared with

<

providing t ning information with the deterministic polygon. The displays of color-

coded

deterministic polygons were shown to subjects. Some displays had a blue
background ing the probability of any tornado formation in the general area.

Partici asked to report their levels of concern, fear, and protective action at

V]

randomly chosen locations within each of seven designated levels on each display. Analysis
of a threegstage nested design showed that providing the uncertainty information via the
PHI woul

§

riately increase recipients’ levels of concern, fear, and protective action in
highly dan !“ scenarios, with a more than 60% chance of being affected by the threat, as

comparediwith déterministic polygons. The blue background and the color-coding type did

not have a ant effect on the people’s cognition of the threat and reaction to it. This
study shoWs that using a likelihood alarm system leads to more conscious decision making

by the ormation recipients and enhances the system safety.
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Social Media Summary:
N

Using likeWarm systems leads to more conscious decision-making by the weather
informatiomgredigients, and enhances system safety. In scenarios with a high level of urgency,
the effect@f prob@bility matching on the people’s behavior during a hypothetical tornado
event is increased. In other words, there is an interaction between the effect of the urgency
matching mprobabiﬁty matching for probabilistic hazard information.

1. INTR@D ON

anu

Severe "Aeluding tornadoes, have killed more than 1,500 people and have caused
more than § jllion in damages in the United States since 1980 (National Oceanic and
Atmos Administration, 2017). Tornadoes are one of the most devastating natural

disasters that pose a grave risk to residents of this country (Hammer and Schmidlin, 2001).

Taking pratective action is an effective way to mitigate negative consequences of such a

F

disastrous natural hazard (e.g., Grothman and Reusswig, 2006). According to the Protective

Action De @

lead to diffe brotective action by people. The reason has been attributed to different
levels cmrimary motivation for protective action, that different warnings pose to

odel by Lindell and Perry (2012), different types of weather warnings can

the pe ren, 1994). To lower the adverse effect of tornadoes, people should be
provid i ctive weather information and ensure that they can comprehend the

information easily and take protective behavior appropriately.
1.1. Thej Binary Alarm System

Ideally, a wargi

should be issued only if a severe tornado occurs. Because the atmosphere
is dynapg inherently unpredictable, any weather forecast has uncertainty (Murphy,
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1998). Therefore, any binary warning system, which has two modes of alarm or no-alarm,
results in a significant number of false alarms even when warnings are scientifically

accurate. I '

False alarms®@@mycause tremendous adverse effects for the public (Simmons and Sutter,
2009), su iness closure and unnecessary evacuation of people (Durage, Wirasinghe,
and RuwanﬁuraI 2015). In addition, false warnings can cause people to ignore future
warnings pecause of the “cry wolf” effect, and to avoid taking protective action in a future
threat oc (Edwards and Lemon, 2002). As a result, the warning’s credibility is
reduced (@an, Wiegmann, and Lacson, 2006) and the public safety decreases.

Currently, tional Weather Service (NWS) uses a system that issues binary warnings for

severe ha vents, such as tornadoes, with a tool called “WarnGen” (Coleman,

Knupp, Spann, Elliott, and Peters, 2011). Forecasters use this tool to draw polygons to

indicate the aread§ that are expected to be affected by the threat in the near future. These

L

warnings rministic, and a given location is either in or out of the risk areas, and
thereisn ntiation for the chance of a threat occurrence in areas inside the polygon.
In reality,man uncertainty involved in the threat occurrence in different locations
(Murphy, means that there is a chance that the threat would not occur in some
locations we polygon (Sutter and Erickson, 2010). WarnGen polygons, however,
cannot providé®the weather information recipients with uncertainty information about the

tornad e in different locations. As a result, the chance of issuing false alarms

increases and credibility of the warnings decreases.

Y

1.2. e New Likelihood Alarm System
Another type of alarm system is called a likelihood alarm system. In this type of system,

[

there are tages corresponding to different likelihoods that a critical event happens.
These stage a be represented by different colors or with different wordings and
characterrkin, Kantowitz, and Kantowitz, 1988).

The likelih m system is based upon two human-automation interaction ideas:

1

probabilitdmatching and urgency matching (Bustamante, 2008). Probability matching
means thai recipigents of the alerts match their responses to an alert with the likelihood of

{

the event®ccurrence (Bliss, Gilson, and Deaton, 1995). Urgency matching means that the
recipients of alefds coordinate their behaviors with the perceived urgency of the event

U

occurrenc and Casali, 1995). Research studies have found that the likelihood alarm

system im he accuracy of users’ decisions (e.g., Bliss, Gilson, and Deaton, 1995;

A
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Bustamante, 2008; Clark, Ingebritsen, and Bustamante, 2010; Wiczorek and Manzey, 2011;
Balaud and Manzey, 2014).

[

nal Severe Storms Laboratory are working on a program called Forecasting
a Continu 0 vironmental Threats (FACETs; Rothfusz, Karstens, and Hilderbrand, 2014),
which pro @ ontinuous flow of information about weather updates. Probabilistic
hazardi-nformation (PHI) is a core concept of FACET that is being developed at the National

Scienti

Severe St@grms Laboratory to potentially replace WarnGen (Karstens et al., 2014). This
concepti tes the idea of probability matching by providing the likelihood of the
threat ocqfrrenc@ at the location of an information recipient. The idea of urgency matching,

C

which is a to be triggered by the perceived urgency of the threat occurrence owing
to nearneg$it threat, is also incorporated by informing the recipient about the time of

the threa

Us

2. Back

Bliss, Gilsah, and Deaton (1995) investigated the effect of the probability matching on the

A

people’s r to alarms with varying reliability: 25%, 50%, and 75% true alarms. The
researche combination of visual and auditory alarms to resemble the real-world
alarm condlifi e.g., civilian aircraft cockpits). The subjects were involved with a complex

psycho ity and at the same time were presented with the alarm. The researchers
found that

true al

the subjects matched their responses to the alarm with the probability of
obability matching).

i

Wiczorek and Manzey (2011) conducted an experiment and studied the possible advantages
of a likelih@od alarm system over a binary system in a multitask environment. The authors

I

conclude likelihood system was more effective than the binary one, and it
improved “ ’s decision-making accuracy. In another study, Wiczorek, Manzey, and Zirk
(2014) compased’a binary alarm system with a likelihood alarm system to investigate how

the numb es in a likelihood alarm system can affect people’s responses to the

alerts. Theesearchers found that the differentiated information provided by the likelihood

l

alarm system improved the accuracy of the participants’ responses compared with a binary

{

system, ad as the number of stages in a likelihood alarm system increased, the participants
made fewer w decisions.

U

evious research studies investigating human probability-matching

There are a few
i ponse to the tornado threats. Klockow (2013) conducted an experiment using
a determ isual information about the threat occurrence and a probabilistic one. The
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researcher did not find any significant difference between people’s responses to
deterministic and binary warnings and the responses to probabilistic warnings.

Ash, SC'H and Bowser (2014) conducted an experimental study to investigate the
effect of vig@i@Mggobabilistic tornado information on the people’s interpretation of the
threat anions to it. The participants of that study were presented with the visual
informa-tion in which they could identify their hypothetical locations relative to a tornado
threat andgthe chance of being affected by that tornado. The authors concluded that the
probabilithhreat occurrence affected people’s level of concern and the participants

adjusted tlteir pr@tective action with that probability. The same conclusion was drawn in a
U’ t by Balaud and Manzey (2014).

2.1. Ho@vev the Likelihood of Threat
Most people in the United States are aware that the weather information involves

uncertainty (Morfgs, Demuth, and Lazo, 2008) and are prepared to be exposed to that

similar ex

uncertain n and Savelli, 2010). It is believed that providing explicit uncertainty

informati the weather forecast benefits the recipient of the information (Joslyn and
Savelli, 20 Gerhold, and Ulbrich, 2015). It needs to be determined, however, how

this uncertaintai@formation should be presented to the public.
In the casMrobabilistic hazard information (PHI) swath, the likelihood of the threat

rent levels of the mentioned swaths could be conveyed with verbal terms

ability. Verbal expressions of the uncertainty (e.g., slight chance),

e interpreted differently by people, and each person can have a distinct
perception of it (Saviers and Van Bussum, 1999). Besides, it is a challenge to standardize the
meanings of the verbal probability to the public, and there is an unneglectable variability in

interpreti obability phrases (Budescu, Por, and Broomell, 2012).

Many resg @ and meteorologists believe that quantitative probabilities are clearer and
more prec preferring to use them over the qualitative statements about the probability

(Murphy ler, 1971; Monahan and Steadman, 1996; Budescu, Broomel, and Por,
2009). Ho!ver: the numerical probability cannot eliminate the ambiguity (Handmer and
Proudley, 2007), @and color-coding methods have been suggested to replace the numeric
methocweying the uncertainty information (Christner and Ray, 1961). Previous

research stu?esjﬁow that the color-coding can improve cognitive processing (Kopala,
1979), an a sensible method to convey the uncertainty information during a

hazardc&Hoﬁman, Detweiler, Conway, and Lipton, 1993; Ash et al., 2014).
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Choosing the most appropriate colors to convey the appropriate level of risk has been a
matter of research. According to the traditional way of color-coding, red should be used to

indicate ti high'st level of danger, followed by orange, yellow, green, and blue (Bresnahan
and Bryk, .

Color sat @ ethods, which use different intensities of a hue, and color hue methods,
which se different colors to denote different levels of the uncertainty, have been proposed
to be useﬁs possible visualization methods to convey the uncertainty (Kunz, Grét-

Regamey, ni, 2011).

¥

2.2. ProRabilistic Hazard Information

With PHI, with multiple color-coded probability levels is used to convey the
likelihoodfthal ag¥larea being impacted by a threat. Each swath’s level represents different
likelihood of the threat occurrence (Ling et al., 2015). There is an area at the beginning of
the swathm the location of the threat at the moment, and the end of the swath
indicates cted location of the threat within a specific time into the future, such as
50 minut cipients could compare their locations with the current location of the
threat atmning of the PHI swath to know how much time they have before the

possible t ival.

It has beemthat an appropriate way of conveying the uncertainty information using
the PH issthrough color-coding of its levels along with the quantitative probability
associated
2016; Ing, James, Gerard, and Rothfusz, 2017a; Miran, Ling, James, Gerard, and
Rothfusz, ; Miran, Ling, Gerard, and Rothfusz, 2018a). As a result, the PHI enables the
probabilit! matching through conveying the likelihood of the threat occurrence at the

ch color on a separate reference bar (Miran, Ling, James, and Rothfusz,

recipients via the color-coding and the urgency matching by providing information

about recipiemifs relative location to the threat and the approximate lead time.
3. Aixresearch and the hypotheses
The m he current research is to investigate how providing the uncertainty

inform#gh the PHI swath affects people’s concern, fear, and protective action in

case of a ical tornado. In other words, how does providing the probability matching
in the PHI swath@ffect people’s cognition and protective action compared with not

providigabilistic information in a WarnGen polygon?
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Although the PHI swaths or polygons present information on a particular tornado threat, the
atmospheric environment in the general area may be prone to produce more tornadoes.
The secongary research goal is to study how providing the uncertainty information on
formati#an;tornado in the general surrounding area affects weather information
recipients @ of concern, fear, and protective action. In addition, we are interested in
learning vuf
response sH——

ifferent ways of color-coding for PHI have different effects on people’s

Itis hypot&that conveying the uncertainty information about the threat occurrence
through tHe PHI Boses a more appropriate level of concern and fear, and it elicits more

G

appropria ctive action, compared with a WarnGen polygon. In addition, it is

hypothesi providing the background probability information will render more

o

appropria sp@nses compared with having no background information. We also
hypothesi
other possible mgthods.

eople understand a conventional method for color-coding better than

bl

4. MET

Fifty rand
experime

le were hired from public premises in Akron, Ohio, to participate in this
participants were the U.S. citizens with no color blindness. The

aFf

Institu w Board at the University of Akron approved this study, and it was
conducte rdance with the university’s code of ethics. Each participant signed an

informe nt form and received a $25 gift card as remuneration.

Vi

4.1. Design of the Hazard Displays
One desiggfor the PHI swath had a five-color color-coding scheme (Bresnahan and Bryk,
1975). Au

five levels

17 was used to create designs and displays. The swath was divided into

@ g different probability levels of the threat occurrence. These five levels on
the PHI swahgsfi@rting from the beginning of the swath, were denoted as recipient’s level 1
through 5 ively.

no

The co as used to denote the first level, the innermost level of the swath,

he probability of 80%—100%. Two shades of red denoted the next two
corresponding to the probability of 60%—80% for the first shade and 40%—
60% for the secofid one. For the next levels, one shade of orange, the probability of 20%—

40%, and one shade of yellow, the probability of 0%—20%, was used (Fig. 1a, 1b).

L

corresp
probabilit

9y

A
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To compare the effectiveness of the five-color design with another way of color coding, a
red-scale design with five shades of red (Fig. 1c, 1d) showing the different probability levels
was used ﬁ:iranrt al., 2017a). The color information can be seen in Table I.

The other g@8iBmytype was polygon. To evaluate the added value of presenting the
uncertain @ ation for PHI, the experiment was designed so that the deterministic
polygorﬁcould Rrowde some cues for urgency matching. Five imaginary levels on the

polygon v‘re determined, from the narrower side to the wider side of the polygon (Fig. 1e,
1f). These »starting from the narrower side of the polygon, are referred to as

recipient’sifevel Bthrough 5, respectively.

& Indents for the |
,,,,, polygons 5

Fig. 1. Different designs used in the experiment: (a) five-color scheme without background; (b) five-color
scheme with background; (c) red-scale scheme without background; (d) red-scale scheme with background;

VN YR T A Lnil’._ ------ Ae (0 n A Vermnon werfdhle ha Al aananea A
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Three shades of blue were used for the background of the designs to convey the likelihood
of any tornado formation in the general surrounding area. The darkest shade, the innermost
level, corrgsponds to the highest likelihood and the lightest shade, the outermost level,
correspﬁe lowest likelihood (Fig. 1b, 1d). The three levels on the background,
starting fr nnermost level (the darkest one), are referred to as recipient levels B1, B2
and B3.

N
For each swath’s level or polygon’s level, two dots were randomly selected by coding in

Python’s odule. Each dot represents the location of a recipient. For the WarnGen
polygon, i@ was used to help participants distinguish different levels (Fig. 1c).

Table I. Color Information of the Color-Coded Objects

w Color-
Coded
Objects Level RGB Values | Transparency
: Five-Color 1 225, 0,225 10
C 2 245,0,0 40
3 246, 141, 138 50
m 4 244,123, 62 50
5 254,204, 102 45
E Red-Scale 1 255,0,0 10
2 255,0,0 30
3 255,0,0 50
L 2 255,0,0 65
O 5 255,0,0 80
; Background | Bl 224,239, 249 1
B2 195, 224, 242 1
H B3 131, 187, 220 1

Design typesu randomly located on a map, and different displays were created. For red-
scale a 1@ olor designs, a reference bar was shown on the bottom left of displays
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indicating the numeric probability of the threat occurrence at each level, and the
participants received the necessary instructions before beginning the experiment.

For ”wiHnd" (WB) displays, two random dots were selected at the first two levels

of the bluggsd ound (B1 and B2). For “without background” (WOB) displays, two

imaginary @ orresponding to the two blue levels of WB displays, were considered and

two random dots on each of them were selected. The selection resulted in seven levels for
H

each disp%. For each design type, there were 28 different displays: 7 (levels) x 2 (dots) x 2

(backgrou hty-four scenarios (28 x 3 design types) were created in the experiment.

4.2. Des uestions
The follomiple—choice questions were asked for each of the 84 scenarios. The
r

participa instructed to answer the questions as quickly and accurately as possible
without a ioritization for speed versus accuracy. Questions were shown below the
displays.
1. How co are you about the threat?

letely not concerned

ncerned

uch concerned

al

E. Slightly concerned

!i Concerned

Qletely concerned
2. At your location in relation to the threat, how afraid are you for your life and

propertyp

. Completely not afraid
fraid
ﬁuch afraid
4@

This article is protected by copyright. All rights reserved.
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E. Slightly afraid

F. Afraid

! pletely afraid

3. At your tion in relation to the threat, what protective actions would you take?

A. I%orocare at all.

B. | would vigilantly seek out weather reports and prepare the home for tornado.

C.lwo shelter immediately.

4.3. Dewe Experiment

There were three independent variables in the experiment: background, design, and
recipient’s level.§he presence (WB) and absence of the blue background (WOB) were used
astwo le e background independent variable. The five-color and red-scale, two
different he PHI swath, along with the polygon of WarnGen were three levels of
design-inmt variables. There were seven levels for the “recipient’s level” variable,
with levels gh 5 on the warning design and levels B1 and B2 on the background. The
three dep@n ariables were the participant’s responses to each question, which were

about the levelS'of concern, fear, and protective action.

In the curre
effect
(background)”. The nested relationship is because the appearance of designs (both PHI and

y, a three-stage nested design was used. The first factor was the fixed-
und. The second factor was design-nested in background, called “design

polygon) are different in WB and WOB displays (Fig. 1). The third factor was “recipient’s

level” nesteedn=design” and “background,” called “level (background, design).” It is nested
because thggdemgls were presented differently in the different combination of designs and
background @lPHI swath was color-coded, and the polygon was not. In PHI designs, red-
scale and fivé=Color designs had different colors for each specific level.

Before thegexperiment, the participants were instructed that the color of each level on the
PHI swatP;ije: the likelihood of the threat occurrence. They were also told that the

tornado’s locatiol at the moment is at the beginning of the swath, and it takes 50 minutes
foritto m the beginning to the end of the swath. In reality, the WarnGen polygon

cannot show exact location of the tornado to the warning recipients. For the

purpose to evaluate the added value of having probability matching versus

This article is protected by copyright. All rights reserved.
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having only urgency matching information, we provided the information about urgency
matching in the polygon design. Participants were instructed to assume that the tornado’s
location afgthe m@gment is at the first level near the narrower side of the polygon, and it
takes SHGS;O move to the wider side. It should also be assumed that it takes 10
minutes fg @ reat to pass each level.

E—Prime-software was used to display images randomly to the participants, who used a
computergikeyboard to respond to the questions. At the end of the experiment, the
participan&asked to select their most preferred display, list advantages and
disadvant@ges offeach of six display types—3 (design types) x 2 (with or without
backgroun d explain the effect of the presence of the background on their decisions.

4.5. Dat alysis

One way e the ordinal response variable is to assign ordered scores to the
responses and calnduct an analysis of variance (Agresti, 2002). Numbers 1 through 7 were
assigned t choices of questions 1 and 2. Among the response choices, “Completely

not conce s mapped to 1, “completely concerned” was mapped to 7, and the
choices b hese two were mapped to 2 through 6. Regarding question 3, the first

response i as mapped to 1, the second one was mapped to 2, and the third one was
mapped t@ 3.

Using istical package, initially, a model with all three independent variables was

)

built for eac tion. Three models were built for “concern,” “fear,” or “protective action’

as the ent variable in each model. Next, to investigate the effect of providing
probability matching on the participants’ concern, fear, or protective action at each

recipient’s level, a model with “design (background)” and “background” as independent
variables hcern,” “fear,” or “protective action” as the dependent variable was run

for each regipiegt’s level, with a total of 21 models (7 levels x 3 dependent variables). In

compare desigh types. In case of discrepancy with a previous analysis of variance that used

cases that: ign (background)” was statistically significant, Tukey tests were used to

more leni@nt standards, the stricter Tukey results were used.

A

Aut
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5. RESULTS

5.1. An;'ysis o‘ the Level of Concern
In the “background,” “design (background),” and “level (background, design)” as

independ bles and “concern” as the dependent variable, all three dependent
variables ically significant. The results are shown in Table II.

N
Table Il. Reits of the Analysis of the Models with All Three Independent Factors

Independent Variables
Background Design (Background) Level (Background, Design)
Dependent
Variables Level F Value (df) p Value F Value (df) p Value F Value (df) p Value
Concern ﬁﬂl 6.52 (1, 4158) | 0.01* 3.38 (4, 4158) | 0.01* 169.98 (36, 4158) 0.00*
Fear ﬁull 3.61(1, 4158) | 0.06 2.47 (4, 4158) | 0.04* 277.86 (36, 4158) 0.00*
Protective a I 3.03 (1, 4158) | 0.08 2.72 (4,4158) | 0.03* 159.05 (36, 4158) 0.00*

*The p valuema =0.05.

Regarding re f the models for each recipient’s level, for the recipient’s levels 1 through
5, the round” is not a significant factor but “design (background)” is statistically

significant (except for model 3). For level B1, both “background” and “design (background)”

are signifiiint, but none of them are significant for level B2 (see Table ).

Tukey tests are performed to compare design types (Table IV). When the recipient’s location

is within | nd 2, where the lead time is less than 20 minutes, PHI swaths posed a

higher leve Phcern than the polygons did for both WOB and WB displays. There is no

significan ce between the PHI designs, and the background does not have a
significmlthough significant differences are reported in Table Il for level 4 and 5,
accordingjio Tukey’s result, there is no difference for level 4, but there is a significant
differerm/ls 5, where PHI resulted in a lower level of concern than the polygon.

When the locatidn is at level B1, although the recipient’s location is on the background, the
design ty arole in the participants’ level of concern; however, the color coding of

the design ot cause an increase in the level of concern. The blue background is
associ lower concern in the participants at level B1.
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e

able lll. Results of Analysis of Models at Each Recipient’s Level

Independent Variables

Dependent Background Design (Background)

Variables | Level F Value (df) p Value F Value (df) p Value
1 0.01(1,594) | 0.93 9.27 (4, 594) 0.00*
2 0.01(1,594) | 0.91 10.52 (4, 594) | 0.00*
3 1.16 (1,594) | 0.28 0.83 (4, 594) 0.50
4 0.28 (1,594) | 0.6 2.99 (4, 594) 0.02*
5 0.62 (1,594) | 0.43 6.33 (4, 594) 0.00*
B1 9.88 (1, 594) | 0.00* 5.38 (4, 594) 0.00*
B2 0.50(1,594) | 0.49 1.99 (4, 594) 0.09
1 1.75(1,594) | 0.19 22.17 (4,594) | 0.00*
2 0.00 (1, 594) | 0.96 9.08 (4, 594) 0.00*
3 0.77 (1,594) | 0.38 1.67 (4, 594) 0.15
4 0.63 (1,594) | 0.43 2.13 (4, 594) 0.07
5 0.39 (1, 594) | 0.53 2.27 (4, 594) 0.06
B1 2.30(1,594) | 0.13 5.36 (4, 594) 0.00*
B2 0.17 (1,594) | 0.68 2.19 (4, 594) 0.07

Protective | 1 1.21(1,594) | 0.27 12.15 (4, 594) | 0.00*

" 2 0.24 (1,594) | 0.63 11.97 (4,594) | 0.00*

3 1.76 (1,594) | 0.18 0.11 (4, 594) 0.98
4 0.55 (1, 594) | 0.46 2.18 (4, 594) 0.07
5 0.03 (1, 594) | 0.86 1.95 (4, 594) 0.1
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Bl 1.35(1,594) | 0.24 7.80 (4, 594) 0.00*

B2 0.50 (1, 594) | 0.48 1.90 (4,594) | 0.11

p value is less than a = 0.05

O

5.2. Anh the Level of Fear and Protective Action
Because tms of the analysis for the level of fear and protective action have similar

patterns, presented together in this section. In the model with “background,”

“design (bagk nd),” and “level (background, design)” as independent variables and
“fear” as wndent variable. In the model with the same independent variables but the

”protectivﬂ as the dependent variable, “design (background)” and “level

(background, design)” are statistically significant, but “background” is not (see Table II).

In the mo ach recipient's level with “background” and “design (background)” as
independ@apt variables and “fear” or “protective action” as dependent variables, “design
(background)” is g significant factor in models that correspond to recipient’s levels 1 and 2

and to le the models corresponding to other recipients’ level, none of the
independ bles are statistically significant (Table Ill).

Tukey te that when the recipient’s location is within the first two recipient’s levels,
with lead ti ess than 20 minutes, the means of level of fear and protective action are
signific for “polygon” designs than those of PHI swaths for both WOB and WB

displays (Table IV). The presence of a blue background does not have any significant effect
on the res!onses, and there is no significant difference between the five-color and red-scale

e
e

Table IV. Results of

key Tests for Different Models at Different Recipients’ Level: Mean (Standard Deviation)

Design

Response Level Five-Color Red-Scale Polygon Five-Color Red-Scale Polygon
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(wWoB) (WOB) (WoB) (WB) (WB) (WB)
Concern 1 6.42 (0.80) 6.40(1.22) 5.85(1.33) 6.43(0.92) 6.35(0.90) 5.91(1.32)
A A B A A B
6.05(0.74) 6.16(1.07) 5.51(1.24) 6.07(1.02) 6.12 (1.54) 5.56(1.55)
A A B A A B
|
! 4 4.63(0.81) 4.88(1.10) 5.06(1.05) 4.68(0.84) 4.68 (1.58) 5.05(1.34)
A A A A A A
3.99(0.91) 3.97(1.02) 4.38(1.10) 3.65(0.98) 3.80(0.92) 4.59(1.21)
A A A A
B B B B
C C C C
2.87(0.86) 2.93(0.98) 3.37(1.47) 2.22(0.96) 2.71(0.84) 3.06(1.57)
A A A A
B B B B
C C
Fear E 6.94 (0.83) 6.91(1.09) 6.22(1.10) 6.90(0.93) 6.91(0.93) 6.49(1.11)
A A B A A B
6.16 (1.13) 6.10(1.29) 5.71(1.27) 6.10(1.15) 6.22 (1.30) 5.66(1.01)
A A B A A B
2.88(0.88) 3.03(0.94) 3.99(1.24) 2.24(0.69) 2.70(0.81) 3.07(1.16)
A A A A
B B B B
C C
2.90(0.51) 2.97(0.71) 2.71(0.79) 2.97(0.57) 2.96 (0.64) 2.75(0.85)
Protective A A B A A B
action
2.72(0.53) 2.75(0.59) 2.45(0.78) 2.75(0.61) 2.78(0.57) 2.45(0.80)
A A B A A B




1.71(0.98) 1.69 (1.09) 1.72(1.22) 1.27(0.89) 1.37(0.98) 1.68(1.16)

A A A B B A

-

WB, with OB, without background.

Note: Means t share a letter at the same level are significantly different.

[ |
Foflthe model corresponding to level B1 with “protective action” as the dependent

variable, the mean of responses is not significantly different among WOB displays; however,

among W@ displdys, the mean for polygon designs is significantly lower than that of PHI
imilar model but with “fear” as the dependent variable, there is not a

n for the difference between different designs.

&

swaths. Fo
meaningf

S

Figures 2, show the means of level of concern, fear, and protective action at each of
the recipient’s le

blue back

| and for each design type regardless of the presence or absence of the

Ul

. It can be seen that in all three figures, the means of responses for polygon

designis | an that of the PHI designs until recipient’s level 3. After level 3, the means
becomes E}

r the polygon design than for the two PHI designs.

% people who would immediately take shelter at recipient’s level 1 and 2

gure 5. It is clear that the PHI designs could elicit more immediate action

from tEs than the polygon design would.
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Figure 1. The means of level of concern at each level
for different design types.

Design type * Polygon -4' Five-Color ® Red-Scale

Figure 3. The means of level of fear at each level
for different design types.
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Figure 4. The means of level of protective action at each level for
different design types.

or

At recipie 1, where it is crucial for the information recipients to immediately take

shelter, al % of the people reported that they would do so when they used PHI

swaths, campared with around 76% on average when they used WarnGen polygons.

Probabilistjc designs elicited about 20% more immediate protective action at recipient’s

level 1. t's level 2, where it is still appropriate for people to take immediate
shelter be e threat is arriving within 20 minutes, almost 77% of people reported that
they woulmmediate shelter when they used PHI swaths, compared with around 47%
on average w hey used WarnGen polygons. Probabilistic designs elicited about 30%

more i te protective action at recipient’s level 2.

A

This article is protected by copyright. All rights reserved.

18



100.00%

90.00% | |
80.00%
70.00%

60.00%

50.00%

40.00%

30.00%

Percentage of people

20.00%

10.00%

0.00%

Five-Color Red-Scale Polygon Five-Color Red-Scale Polygon
Level 1 Level 2

Design for different recipient's level

BADrntantitra Antinn 2 M Dentantitra Antinn D PADentantitra Antinnl

Figure 5. Percentage of people who immediately took protective action at each level

5.3. Téreferred Display

Almost 84% of participants chose the five-color design with WOB display as their preferred
design, fogwed by the five-color design with WB displays (10%). Only 4% of participant
chose red- th WOB displays, and 2% chose red-scale with WB displays. No one

preferred @ gon designs.

The main goal ofthis study was to investigate how providing the uncertainty information
about tm) occurrence affects the recipients’ cognition of the threat and reaction to
it. We meﬁe expected levels of concern, fear, and protective action in different
scenarios

<

terministic and probabilistic weather information.
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As it was the case in a previous study by Ash et al. (2014), the mean of concern, fear, and
protective action in the nearest areas to the tornado is lower for deterministic warnings
than for pgobabilistic ones. As the proximity to the tornado decreases, the mean of the
mentioﬁres for the deterministic warnings surpasses the probabilistic ones. It

suggests is an interaction between the probability matching and the urgency
matching. at the level of the urgency is high, the effect of the probability
matchimg isshigher and vice versa.

r

In highly s scenarios in which the lead time is less than 20 minutes and the

likelihood@f thehreat occurrence is greater than 60%, corresponding to recipient’s levels 1

C

and 2, an iformation recipients are expected to take immediate shelter, the use of PHI

elicited m opriate protective action from more people (20% more for recipient’s

8

level 1 an Y%ogMore for recipient’s level 2) compared with using the WarnGen polygon. In
other worgsmimglime with Ash et al. (2014) and contrary to Klochow (2013), probability
matching

U

played@ significant role in increasing people’s levels of concern, fear, and
protective action in reaction to the threat and contributed to more accurate decision
making. HGwever, when the lead time is greater than 20 minutes and the likelihood is less
than 60%,

f

Is of concern, fear and protective action are higher when the PHI is used

(although ificant in all cases except one). This finding implies that when the
recipients PHI, they make more differentiated responses based on the probability
level t ceive. They could translate the differences in threat probability into

different f concern, fear, and protective action.

Regard

ct of providing the likelihood of any tornado formation in the area

i

through three shades of the blue background, this factor did not have a significant effect on
the levels @f fear and protective action. It had a significant effect only on the level of

[

concern el B1. At this level, this color coding significantly decreases the levels of
concern i

the blue b

ather information recipients. The original hypothesis is that by including

Q

nd in the area surrounding a particular threat to denote an unstable

environme could produce more tornadoes, people should be more concerned. It is
likely thatfwhen people are presented with the threat information without any colored
backgr ) just look at their relative locations to the PHI swath or the WarnGen
polygo they might be in danger. When recipients are at the second level of blue
backgrou rther from the swath or the polygon, they feel safer in general, and the
blue back'moes not make any difference. From participants’ evaluations of displays,
the majority o m did not want to see the blue background behind the swaths or

polygo ugh the background would help the information recipients to acquire more

A
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information about the surrounding area and be more vigilant in advance about a possible
threat, it makes viewing the geographical map difficult and clashes with the PHI swath and

the Iocati* indiitor, participants argued.

Our analysi ed that the type of color-coding does not have any significant effect on
the recipi ponses. This finding is in line with those of Klochow (2013) and Ash et al.
(2014) t-hat the color-coding type does not affect the perception of the uncertainty
informati@n. However, the majority of participants in this study preferred five-color PHI
designs. T(hn reasons for choosing “five-color” design are the use of the conventional

way of com, its usefulness in distinguishing the probability levels on the swaths, and

its good ¢ ith the background. Confirming the result of Miran et al. (2017a),
participan that they were not able to easily distinguish different probability levels of
a red-scal igft. The reasons that none of the participants picked polygon design was
their inabii asp its contents quickly. It is suggested that the five-color design, which

has been preferrgd by majority of the participants, be used for the PHI graphical interface.
7. C N

This stud s findings of previous studies on the people probability matching behavior
in reactio rent alarms (e.g., Bliss et al. 1995; Wiczorek and Manzey, 2011; Wiczorek
etal. 201 and Manzey, 2014) that the additional information that likelihood alarm

system ntribute to more conscious decision making by the end users and
ultimately i es the system’s safety.
The PH idered more effective than the deterministic polygon, and it is recommended

that the uncertainty information about the threat occurrence in different areas be included
in the haz@rd information. It needs to be noted that in this study, to evaluate the added
value of p robabilistic information, we assumed that people could get urgency

estimatio @ e WarnGen polygon. However, in the real world, WarnGen polygon might
not offer h.Gide's to users, making the advantage of PHI over deterministic polygon even

o F:E.
The m n of this study is its relatively small number of participants who mainly are

residen“ east Ohio, where not many of tornadoes have occurred in the previous
years. Be vious studies have considered the past tornado experience as a potential
significant factor/for people taking shelter against a tornado threat (Silver and Andrey, 2014;

Miran, Ling, and Rothfusz, 2018b), the focus of a future study should be on investigating

ility-matching behavior using PHI in areas that are more prone to tornado
occurren where the residents have experienced a tornado previously.
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