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CHAPTER 4

Optimal Visual Cues for Smartphone
Earthquake Alert Systems: Preliminary Data
from Lab and Field Experiments

Eran Lederman, Tomer Shemi, Noga Ensenberg-Diamant,
Lior Shalev, Amir Hazan, Naama Marcovits, Yona Weitz,
Or Haklni, Tl Badichi, Bar Seqal, Dan Fishbein,
and Hillel Aviezer

It’s 9 pm and you are enjoying a glass of good wine and the company of
friends in your living room. Suddenly, your cellphone sends an alert and
you realize you have several seconds before a major earthquake hits your
town. Without delay, you rapidly run for cover outside. Although your
home is severely damaged—you and your loved ones are saved. Several
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years ago, such a scenario may have seemed like pure science fiction
but recent advances in early detection of seismic P waves (before the
destructive S waves) have rendered it a reality (Allen & Kanamori, 2003).
For example, at an August 2014 earthquake in California’s Napa county,
people received an alert five seconds before the destructive magnitude-6.0
shaking begun (Gerber, 2014).

While the geo-technological advances in earthquake detection are
capable of sending an alert to end-user’s mobile phones, the physical
nature of the alert has received little attention by government agencies
and has undergone little development over past years. For example,
the alerting system “ShakeAlert” (Burkett, 2014) developed by the
U.S. Geological Survey (USGS) includes a combination of auditory warn-
ings and graphical displays while the interface of the US national alerting
system includes a text message with an auditory cue—in both cases, it is
unclear if these specific characteristics are indeed optimal for the human
end-user (see Fig. 4.1). While the specific characteristics of the alert may
seem inconsequential for natural disasters that take hours to build up they
are utterly critical in the case of earthquakes because of the extremely
short duration between the alert onset and the event.

Fig. 4.1 Examples of end-user interfaces in alert systems apps. (a) “ShakeAlert”
system. (b) National emergency alerting system (EAS)
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Aside from comparing between classic alert visual stimuli such as text
(e.g., the word “DANGER”) and hazard icons (e.g., A), we were fur-
ther interested in a potentially new class of alert stimuli, namely, that of
social-emotional nature. Emotional signals such as facial expressions are a
primitive and evolutionary based signaling system of affective relevance
(Béanziger & Scherer, 2010; Schmidt & Cohn, 2001). The emotional
value of facial expressions is recognized universally and cross culturally and
they are often considered a biologically hardwired and evolutionary-
adaptive signal (Ekman, 1972, 2007; Elfenbein & Ambady, 2002; Marsh,
Elfenbein, & Ambady, 2003; Sauter, Eisner, Ekman, & Scott, 2010;
Susskind et al., 2008). Because of the natural inherent importance of facial
expressions, they serve as optimal stimuli for conditioning paradigms. For
example, electric shocks are rapidly and readily conditioned to fearful faces
but less so to happy faces (Ohman, 2000).

The inherent biological significance of facial expressions can be demon-
strated in humans from a very early age. Four-month old infants can dis-
criminate facial expressions of anger, fear and surprise (Serrano, Iglesias, &
Loeches, 1992). At the age of twelve months, infants successtully use
information about an adult’s direction of gaze and emotional expression
to predict adult action and they efficiently utilize negative expressions of
caregivers as danger cues (Mumme, Fernald, & Herrera, 1996).

Facial signals, in particular negative expressions, are highly potent
attractors of attentional processing even when presented outside the scope
of awareness. In fact, negative facial expressions are recognized and ori-
ented to even among visual neurological patients in whom spatial aware-
ness is impaired due to stroke (Vuilleumier & Schwartz, 2001).
Experimental methods which allow presenting stimuli without visual
awareness such as continuous flash suppression (Yang, Zald, & Blake,
2007) and binocular rivalry (Yoon, Hong, Joormann, & Kang, 2009) also
demonstrate a superiority for facial expressions in emerging out of uncon-
scious processing and breaking into awareness.

In addition to our interest in the potential utility of facial expressions as
“attention grabbers”, faces may hold additional advantages for alerting
systems. Unlike traditional alert systems that simply bombard the end-user
with info and “throw him in the water” on his own. A social alerting sys-
tem can actually serve as an agent that guides the end-user through the
process, potentially serving as a source of motivation, encouragement and
guidance. This may give faces an advantage as users may socially connect
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with the alerting interface, improving their experience of trust and per-
ceived safety when using the app.

Contemporary studies and innovative technologies are already able to
identify individual people within a large audience by means of face photo-
graphs only. It is clear that face recognition and data mining technologies
are increasingly being improved by the use of big data and artificial
intelligence.

Examples of the use of these technologies can be seen in the software
developed by FACE2GEN that uses facial phenotypes to facilitate com-
prehensive and precise genetic evaluations or by FindFace software capa-
ble of detecting faces, emotions, gender and age of people by analyzing
their photos only.

While the above examples demonstrate how technology can aid at the
data collection from faces, faces may also be efficient as an alerting stimu-
lus. Our side in this study deals with how to improve and correct the cel-
lular alert for an earthquake, first and foremost in the attention capture,
and the ability to motivate people to act quickly and efficiently in light of
the danger they face.

ExPERIMENT 1. OPTIMAL STIMULI FOR CAPTURING
PERIPHERAL ATTENTION

One challenge to alert systems is that they must attract user’s attentions
while placed outside the center of visual attention. Consider the case of
Jane who is deeply immersed in her favorite Netflix show playing on TV
while her smartphone is placed on the sofa beside her. Jane’s reaction to
information appearing on her phone (e.g., an email notification) may be
delayed simply because her focus of visual attention is elsewhere.

In experiment 1 we created an ecologically valid experimental setting to
test which stimuli would best capture participant’s attention while they are
engaged in watching a comic video. Specifically, participants were
requested to detect numbers presented together with alerting stimuli
(text, icons and fearful faces) presented on a separate screen, peripherally
to the main task video. Our dependent variable was the reaction time to
responding to the number.
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METHODS

Participants 30 students (18 females, Mean age = 24) from the Hebrew
University participated in the experiment for course credit or payment.

Stimuli and Materials The main task for participants involved watching
an 18 minute “best bits” YouTube video of the sitcom Friends. Alongside
the main task, a concurrent “attention capture task” took place. Stimuli
for the attention capture task included alert faces, alert icons and alert
texts. Alert faces included 10 facial expressions of fear from the ADFES
database (Hawk, Van der Schalk, & Fischer, 2008). Alert icons included
10 graphic icons conveying danger (e.g., skull and cross bones). Alert
texts included single word exclamations such as “Danger”.

All stimuli were equated for size and average visual angle.

Procedure The main task video clip was presented at full screen size on an
18 inch ThinkPad laptop placed directly in front of the participants at a
distance of ~60 cm. They were instructed to observe the clips carefully as
they would be asked to answer questions regarding the storyline at the end
of the experiment. While watching the video, a concurrent attention cap-
ture task took place to the right or left side of participants. A second com-
puter screen was placed at a distance of 50 cm, turned slightly towards the
participant. Three categories of alerting stimuli (faces, icons and text)
were randomly presented on this peripheral screen every 30-90 seconds.
In order to keep participants as naive as possible, they were told that a
number with a stimulus above it will be occasionally presented. Their task
was to detect the number and press the key corresponding to the pre-
sented number as quickly as possible. While the video ran uninterrupted
during the entire task, the numbers and alert icons appeared on screen for
1000 ms on each trial, and were then removed. No feedback was given for
the attention side task. Upon completion of the experiment, participants
were given a brief quiz about the video. This was intended to confirm that
attention was adequately located to the main task.
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Results All participants successfully answered the questions about the
video, indicating that their attention was adequately attended to the con-
tent of the video. Our main dependent variable was the RT to detection of
the numbers on the peripheral screen. To this end, the mean reaction
times to correct pressing of the numbers keys was compared across the 3
conditions. Figure 4.2 presents the RT for the pressing of correct numbers
in each of the alert conditions. A 3-way repeated measures ANOVA run
on the mean RT data indicated a significant effect of the condition [ F(2,58)
=0.6, p<0.003,n,> = 0.18]. Paired t-tests across conditions indicated that
the RT in the text condition was slower than in the icon condition
(#29)=3.7, p<0.001 and slower than in the face condition (#29)=2.4,
$<0.023). However, no significant difference was found between the
graphic alert icons and between the faces (#(29)=0.9, p=0.34).

DiscussioN EXPERIMENT 1

The results of experiment 1 demonstrated more efficient attention capture
when alert icons and faces were presented than when alert text was.
However, icons and faces were equally deficient in capturing attention.

2000.0
1950.0
1900.0
1850.0
1800.0
1750.0
1700.0
1650.0
1600.0
1550.0
1500.0

RT

lcon Face Text

Fig. 4.2 Reaction time (RT) results of experiment 1. Icons and faces resulted in
faster responses than text
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This finding may be important given the popular prevalence of text in
many alert apps, which may be suboptimal. In experiment 2 we continued
to examined compare alert faces and icons in a more real-life setting.
Unlike lab experiments in which multiple stimuli are repeated many times,
real-life alerts are a one-shot, unexpected event. It was thus imperative to
examine the alert value and accompanied psychological perceptions of
faces and icons in a more ecological field-study setting.

EXPERIMENT 2. OPTIMAL STIMULI, PERSONALIZATION
AND PRACTICE IN A REAL-LIFE FIELD EXPERIMENT

In order to examine optimal alert interfaces in real-life ecological settings,
we conducted a controlled field experiment. This allowed us to examine
the efficiency of reactions to different alert stimuli and the optimal per-
sonal experience and learning process associated with such stimuli in a
real-life setting. Specifically, the study examined the impact of several fac-
tors: stimuli of alert (icon, face), the process of personalization (choosing
one’s icon/face vs. having it assigned randomly), and practice (with or
without).

Based on study 1, we did not expect a main effect of the stimuli as both
proved equally efficient in capturing attention. We did, however, predict a
main effect of practice as this effect was established in multiple studies
(e.g., Johnston et al., 2011). With regard to personalization, we predicted
an interaction: due to the special status of faces in social, interpersonal
interactions we expected that personally choosing one’s alert would
enhance performance more strongly for faces than for icons. Humans are
highly acquainted with the social task of analyzing the attractiveness,
expressiveness and traits read from faces. As such, choosing a favorite face
for an alert stimulus may create a more meaningful and engaging experi-
ence than choosing a graphic icon.

In addition to examining the motor aspect of the alert response (i.c.,
RT to reactions), we were also interested in the psychological reactions
participants developed towards different stimuli and conditions.
Specifically, we predicted that participants would experience more positive
experiences (e.g., feeling more confident, safe and trusting of the alert)
when alerted by a face than by an icon. This would be the case due the
personal feelings and social attachment that may arise when encountering
faces vs. icons, the latter being non-personal by nature.
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Fig. 4.3 Illustrative layout of the experimental design and procedure of
experiment 2

METHODS

Participants 220 participants were recruited from an Israeli online par-
ticipant pool (Panel4all) and compensated with ~10$US for completing
the study.

Stimuli 3 faces and 3 icons were chosen from those used in experiment 1.
These visual stimuli appeared together with an auditory alert sound and a
vibrating sensation. Thus all conditions were conducted with identical
auditory and vibration alerts which were intended to enhance the likeli-
hood of response.

Design The design was a 2 (stimuli: face, icon) x 2 (personalization: yes,
no) x 2 (practice: yes no), between subject design. See Fig. 4.3 for the
experimental design and procedure layout (Fig. 4.3).

TASK AND PROCEDURE

Participants were randomly assigned to the different conditions and
downloaded the app via a link received through the online subject
pool. After reading the basic instructions and giving consent, participants
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Select your alert image

Earthquake in
your region
th

Fig. 4.4 Example of the app layout and alert procedure. Left image portrays the
stage of personalization of the face alert image. The right image portrays the sur-
prise alert

were exposed to 3 stimuli on the screen (3 icons or 3 faces). In the person-
alization condition, subjects were given 10 seconds during which they
were requested to choose one of the 3 stimuli which they would like to
appear as their alert stimuli. The choice was indicated by pressing on the
screen. In the non-personalization condition, the 3 stimuli (3 icons or 3
faces) appeared for 10 seconds and one of the 3 stimuli was randomly
chosen by the app. See Fig. 4.4 for an illustration of the app layout stages
and alert procedure.

Next, depending on their random allocation, participants in the practice
condition received a practice trial in which an alert stimulus appeared on
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the screen with a number below it. At the bottom of the screen was a panel
with several numbers and subjects were requested to match the number
below the stimuli, with the corresponding number in the panel.
Immediately after the number matching, subjects were requested to walk
10 steps and press a “SAFE” button indicating that they completed the
task. This practice was essentially identical to the actual alert that subjects
would be exposed to during the actual experiment. Participants in the no-
practice group did not go through with this procedure.

In order to invoke and disseminate the experiment, we collaborated
with eVigilo, a tech company specializing in mass-notification of cellular
alerts. The technology that was delivered by eVigilo for this experiment,
was based on eVigilo product Smart-eVigilo, an Emergency Mass-
Notification and Alert multi-channel solutions, where its Server side send
the messages and collect the response, and its application based product
served as the end user side of the experiment. Smart-eVigilo is a Web
based mission critical system, designed to operate under extreme condi-
tions of emergency in order to save lives.

Using eVigilo’s technology, a week after enrolling, participants were
mass alerted by surprise with the initiation of the actual alerting proce-
dure. The alert was triggered around 18:00 pm and mass disseminated to
all subjects simultaneously. Subjects had no prior knowledge regarding the
date or time when the alert would occur. As noted, the actual alert was
identical to the practice procedure and responses were recorded by the app.

Following the completion of the app alert task, participants were
diverted to the online panel website and were requested to complete a
brief survey about their user experience during the alert. In the survey,
participants were requested to indicate with a 1-7 scale how safe they felt
during the alert, and to what degree they would trust the app in case of a
real emergency. Subsequently, they were thanked for their participation
and compensated.

RESULTS

Data Preparation Due to the uncontrolled, field nature of the experi-
ment, a relatively large proportion of subjects did not respond in a timely
manner to the alert (e.g., subjects that were driving at the time of the
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alert, subjects who did not have their phones next to them, etc.). A data
quality report from eVigilo (who collected the data their servers) indicated
subjects with invalid or corrupt data logs, subjects that had not pressed the
“SAFE” button, and subjects that failed to respond to the alert altogether.
Among subjects that did complete the experiment, a cutoft of 120 sec was
used to remove people that responded very slowly—likely due to not see-
ing or being able to respond in a timely manner. After exclusion, we
remained with an N =155. The N within the different groups ranged from
49 to 12. Given the variance and the low N in some of the groups, the
statistical power of our experiment was low. We therefore opted for a
lenient threshold and pursued marginal interaction trends to increase the
likelihood of detecting effects in the data. Consequently, the findings
should only be viewed as exploratory and should be interpreted with
caution, awaiting an additional large-scale replication.

RESULTS

Reaction Time A 2 (stimuli: face, icon) x 2 (personalization: yes, no) x 2
(practice: yes no), between subject ANOVA was run on the RT data
(data reported in seconds) A significant main effect of practice indicated
that participants, were overall faster with practice (M=21.8, SD=14.4)
than without practice (M=31.8, SD=23), F(1,147)=8.93, p < 0.001.
Additionally, a significant 3 way stimuli x personalization x practice inter-
action was revealed, F(1,147)=5.5, p < 0.02.

In order to characterize the 3 way interaction, we ran separate stimuli x
personalization ANOVA’s for the practice and no practice conditions.
Within the practice condition, a marginal stimuli x personalization interac-
tion was found, F(1, 57)=3.3, p=0.07. A trend was found indicating that
faster RT’s were associated with personalization (i.e., choice) of faces as
well as with non-personalization of icons. Within the no-practice condi-
tion, a marginal stimuli x personalization interaction was found, F(1,
90)=3.4, p=0.06. A trend was found indicating that faster RT’s were asso-
ciated with personalization of icons, as well as with the non-personaliza-
tion of faces.
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USsER EXPERIENCE RATINGS

In Case of & Real Eavthquake, How Likely Would You Be to Trust
This App?

A practice x stimuli interaction emerged F(1,147)=6.3, p<0.01, indicating
that with practice, faces received a higher degree of trust than icons. By
contrast, without practice, an opposite pattern emerged.

In Case of & Real Earvthquake, How Safe Would You Feel
with This App?

A practice x stimuli interaction emerged F(1,147)=6.5, p<0.01, indicating
that with practice, faces received a higher degree of safety ratings than
icons. By contrast, without practice, an opposite pattern emerged.

To What Degree Did I Feel Safe During Walking Duving
the Alert?

A trend for a practice x personalization interaction emerged F(1,114)=3.1,
p=0.78, indicating that with practice, personalization resulted in a higher
degree of safety ratings than non-personalization. By contrast, without
practice, an opposite pattern emerged.
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Overall Mood During the Experiment

No main effects or interactions approached significance for the ratings of
overall mood (significance levels ranging from p=0.24 to p=0.78), sug-
gesting that the previously reported findings in user experience did not
results from generalized mood effects, but rather from specific difterences
in user experience.

DiscussioN EXPERIMENT 2

Experiment 2 offers a unique field approach to studying optimal alert
stimuli and procedures. While the study is notably underpowered, some
interesting conclusions may be tentatively deduced from the data, await-
ing future replication and extension. First, the robust beneficial role of
practice in alert compliance and performance emerged in our findings.
Any alert application being considered in the future should likely consider
this important factor. Second, our results suggest that personalization, i.e.,
one’s ability to choose their own alert, is only beneficial for face stimuli,
but not for classic graphic icons of alert. While the personalization process
takes additional time, it may well be worth the effort. Participants consis-
tently rated the face alerts as more trustworthy and enhancing of a safe
user experience. Importantly, faces may induce a more interpersonal rela-
tion between users and the app, thereby increasing compliance and
improving performance.

GENERAL DISCUSSION

Earthquake alerts allow participants several seconds (~10) to rapidly real-
ize the alert is taking place, and to act (e.g., get out of a building). With
such brief time intervals, literally every second counts. To date, alert sys-
tems have focused on the mere notification of subjects, with little thought
devoted to the medium and procedure of this alert. However, our lab and
field studies strongly suggest that developers can optimize their alert sys-
tems by choosing the right kind of visuals, allowing the appropriate per-
sonalization with these visuals, and having subjects practice the response
protocol.

In experiment 1 we demonstrated the superior attention capture when
alert icons and faces were presented than when alert text was. The use of
text is surprisingly common in many alert systems. Aside from the
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limitation of literacy, text may be suboptimal for capturing attention.
Having established the advantage of visual cues in capturing attention,
Experiment 2 continued to compare alert faces and icons in a more real-
life setting. Overall our preliminary results hint to possible future protocol
guidelines. Aside from the obvious importance of practice our results sug-
gest that personalization is only beneficial for face stimuli. Most impor-
tantly, participants consistently rated the face alerts as more trustworthy
and enhancing of a safe user experience. Considering the high drop out
and attrition rates that many apps have, establishing a personal social bond
with a face avatar may increase usability and performance.

These novel results shed important light on the optimal underlying fac-
tors of efficient alert systems and may help design such systems in the
future. Artificial intelligence still needs to bridge many gaps with regard to
creating effective tools for generating high-quality personal cellular alerts.
In particular, the ability to use artificial intelligence in order to collect data
and design optimal alerts customized for the unique needs of the user may
be a promising and exciting direction. User habits, preferences, emotional
state and personality may all be taken into account after obtained from
user data. While such a vision seems of great importance, the research and
technology have not yet reached the level of maturity that will enable the
creation of an accurate personalized cellular alert. However, such gaps are
minimizing rapidly and technologies available today seemed unimaginable
several years ago.

As noted, we view our studies as a first tentative step towards more
established research in the field. Aside from significant increases in power
that our study (especially experiment 2) suffers from, many important
questions remain unanswered. In both experiments, the auditory alert was
held constant either by omitting it (experiment 1) or by using a constant
alert sound across all conditions (experiment 2). The acoustic alert is with-
out doubt a critical component of any alert, but little is known about how
it interacts with the visual cue. Given the advantage of face stimuli found
in our work, future studies may compare the utility of human alert voices
vs. artificial alert sounds (beeps/sirens).

An additional direction not covered here is that the potential of the
personalization process is probably much more complex than offered in
our limited design. Different personality individuals may benefit from
choosing a face avatar that best suits their liking. Factors such as race,
gender, attractiveness and personality attributes of the alert face may all
contribute to the ideal alert system. Looking at the more distant future,
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user characteristics obtained with consent may be analyzed and used to
improve the alert procedure and medium. For example, practice is impor-
tant, but over-practice may lead to burnout. A system that customizes and
optimizes the practice routine to the unique characteristics of the user may
improve the alerts efficiency.

In our vision, the role of the alert app extends far beyond the initial
activation of participants. Rather, the app should continue to serve as a
companion to the user throughout the entire event. This may include the
process of taking cover, being trapped, seeking for loved ones and friends,
and assessing safe harbors. In all these processes, expressing dynamic emo-
tions from the app, and reading expressions from the user may be critical.
While futuristic, we believe these directions reflect current trends.
However, only additional research will establish which protocols are ideal
for optimizing the alerting process.
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