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ABSTRACT

The work presented here describes the selection process of mobile phones with better usability for use in emergency
situations in Portugal. In emergency management, communications are a fundamental asset for limiting the
consequences of risky situations. Since mobile phones have revolutionized the way people communicate they can
constitute an opportunity to be used in information exchange during emergency situations. In this study the
mathematical methodology developed by (Jeelani, 2011) - which holistically represents human factors’ issues
associated with the use of mobile phone in emergency - was adapted to the Portuguese context. This methodology
allows the rating of mobile phones in terms of suitability for use in emergency situations, having the satisfaction of
user needs as a main priority. The methodology used in this study comprehends three phases: identification of the
more important features of mobile phones for use in emergency situations; determination of the selection factors
relative importance, using Analytic Hierarchy Process; and usability testing of five mobile phones using Cognitive
Walkthrough protocol, with 20 individuals.
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INTRODUCTION

Mobile phones are increasingly becoming part of our lives. These devices revolutionized the way people
communicate and are still undergoing constant evolution offering many more functions beyond traditional voice
calls. Text messages are currently a very common method of communication. On the other hand, the access to
internet allows images and videos captured by mobile phones to be immediately shared worldwide. Social networks
also became a privileged way of communication. Geographical location is often used to send geo-referenced
information or to search for points of interest in the vicinity. Finally, most modern mobile phones allow the sending
of position when an emergency call is made. Regarding these versatility of mobile phones, the fact that in
emergency management, communications are a fundamental asset for limiting the consequences of risky situations
and that cellular communications have not been officially implemented in the emergency management of many
countries (Jeelani, 2011) it is desirable to study the adequacy of their use to support communication flow in
emergency situations. One of the more important aspects is its usability in the context of emergency.

In fact, system usability is a characteristic that affects the effectiveness and success of any system, since it relates
with the quality of the user-system interaction. Such interaction quality is particularly critical when systems are
complex, and when the accuracy and timeliness of operation is decisive to the system outputs (Nunes and Simoes-
Marques, 2013). The usability of a system is dependent on the context of use, i.e., that the level of usability achieved
depends on the specific circumstances in which the product is used. The context of use includes users, tasks,
equipment and the physical and social environment, since all these factors directly influence the way how the
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interaction occurs (Simdes-Marques and Nunes, 2012). Therefore, good usability is important because it is a
characteristic of the product quality that leads to improved product acceptability, increased user satisfaction,
improved product reliability and it is also financially beneficial to companies (Nunes, 2006).

In order to guide the selection of mobile phones for use during emergency management in The Bahamas (Jeelani,
2011) proposed a human-centered methodology. This methodology is based on the assessment of 10 criteria, that
include a combination of mobile phones physical characteristics and usability attributes. The criteria are the
following: Audio distinctness, Text entry method, Usability, Screen size, Portability, Accommodation to
environmental lighting, Grip, Battery life & type, Mobile phone cost and Durability. The following formula
calculates an Overall Score (X) for a given mobile phone, which indicates how appropriate this is for use in
emergency situations:
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Where

X = Overall Score;

fi = rating of the k™ factor (k =1, ..., 10);

a, = relative weight of the I factor (I =1, ..., 10);

tm = rating of the m"™ sub-factor regarding Battery life & type (m =1, ..., 3);

b, = relative weight of the n™ sub-factor regarding Battery life & type (n=1, ..., 3);
P, = rating of the o™ sub-factor regarding Portability (o = 1, 2);

¢, = relative weight of the g™ sub-factor regarding Portability (q = 1, 2);

u, = rating of the r' sub-factor regarding Usability (r = 1, ..., 5);

ds = relative weight of the s" sub-factor regarding Usability (s = 1, ..., 5).

The goal of the study presented here was to adapt to the Portuguese context the human-centered methodology
developed by (Jeelani, 2011). According to (Pordata, 2014), a Portuguese statistics data source, there are almost 20
million mobile phones in Portugal, for a population of 10 million citizens. The large number of these devices allows
individuals to be no longer dependent on landline communications in situations of emergency, while offering an
opportunity to use alternative means of reporting and characterizing incidents and their location. The complete study
can be found in (Patriarca, 2013).

METHODOLOGY

The methodology used to select the most suitable mobile phone for use in emergency situations followed the
approach proposed by (Jeelani, 2011). The scheme is depicted in Figure 1, and it consists of three phases.
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Figure 1. Methodology scheme to select the most suitable mobile phone for use in emergencies

In Phase 1 the most important characteristics of mobile phones for use in emergency situations were identified.
These characteristics were highlighted during a focus group interview with emergency professionals from the
following Portuguese Entities: Fire Departments, Civil Protection and National Guard. The individuals (N=35) also
answered a questionnaire to collect information about: what mobile phones they used, what are the experience of
using them during emergency situations and what improvements they would like to see implemented on mobile
phones. The questionnaire had 19 questions, grouped into 5 categories: Personal data; Experience of communication
with mobile phones; Assessment of mobile phone; Other communication devices; and Suggestions. A similar
questionnaire was also applied to 155 Portuguese users of mobile phones.

In Phase 2 after the identification of the mobile phone selection factors and the definition of their relative weights
were performed using Analytic Hierarchy Process (AHP). The pairwise comparison was carried out by the same
individuals from the Entities referred before. Finally, the adaptation of the methodology for classification of each
selection factor was performed. The selection factors were divided in physical characteristics, satisfaction metrics
and performance metrics.

In Phase 3 five of the most used mobile phones were classified according to this methodology. The methodology
incorporates a usability test, using the Cognitive Walkthrough (CW) protocol. Twenty individuals participated in
this study. The Cognitive Walkthrough protocol (Wharton et al., 1994) is a usability inspection method whose
objective is to identify usability problems, focusing on how easy it is for new users to accomplish pre designated
tasks. The reactions and comments of the users are recorded as the walkthrough proceeds.

RESULTS AND DISCUSSION

Phase 1

The identification of the following mobile phones characteristics for use in emergency situations, resulted from the
focus group interview (emergency professionals):
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®  Geolocation;

®* Good battery autonomy;

*  Good grip;

®* Robustness and water, dust and shock resistance;
®* Ergonomic design;

¢ Adaptation to environment lighting conditions;

* Low weight;

®  Adequate size;

®  Good visual distinctness;

®  Good audio distinctness.

Except for “Geolocation” all the other factors coincide with the factors identified in the (Jeelani, 2011)
methodology. Therefore this factor was added to the model.

These individuals (N=35) answered also a questionnaire. Note that this was a convenience sample. It was composed
by individuals belonging to Fire Departments (54%), National Guard (26%) and Civil Protection (20%). The
majority of the individuals (74%) were 46 years old or less and more than half had over 10 years of experience
working in Emergency. The main functionalities of the mobile phones used by the emergency professionals’ sample
is shown in Figure 2. From these 89% of the mobile phones had camera, 60% had mobile internet and only 46% had
GPs.

100% 100% 100%
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20%
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Voice Text Internet Camera GPS

Figure 2. Functionalities of mobile phones used by emergency professionals (N=35)

Figure 3 illustrates the usage of other communication devices by the emergency professionals’ sample. Radio is the
preferred mean of communication (83%), followed by landline phones (69%) and computer-based applications
(46%).
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Figure 3. Other communication devices used by emergency professionals (N=35)

In this phase a questionnaire was also applied to a sample of common mobile phones users (N=155). The
questionnaire was answered by a convenience sample. 82% of the sample had an age under 36 years. Regarding
functionalities all phones offered voice calls and text messaging, 92% had camera, 78% had mobile internet and
only 48% had GPS. The distribution of other communication devices used by this population is depicted in Figure 4.
Computer-based applications were the preferred mean to communicate (97%), followed by landline phones (52%).
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Figure 4. Other communication devices used by common users (N=155)

Phase 2

As referred before the human-centered methodology proposed by (Jeelani, 2011) is based on 10 criteria which,
according to the author, were selected considering only features which were publicly available on end user hand-
held communication devices at the time of his study. As suggested by (Jeelani, 2011) as mobile technology advances
and as more innovative features are incorporated in the design of future devices, this list of device selection factors
can change in order to better reflect the latest technological advances. Therefore, in consequence of the results of
Phase 1, a new factor was added to the methodology — Geolocation. Figure 5 presents the selection factors which
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were considered in the study.
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Figure 5. Factors to select mobile phones. Adapted from (Jeelani, 2011)

In order to determine the weighted importance of each selection factor and sub-factor the Analytic Hierarchy
Process was used. Five experts belonging to Fire Departments, Civil Protection and National Guard participated in
the pairwise comparison. A double scale of 1-9, from “Extremely Strong” to “Equally Strong” was utilized for this
purpose (see Figure 6). A rating of 1 (Equal) indicates that both selection factors (Factor A and Factor B) are equally
important. A rating of 9 (Extreme) in the Factor B side indicates that Factor B is 9 times more important than Factor
A.

Extreme Very Strong Strong Moderate Equal Moderate Strong Very Strong Extreme
Factor A 9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9 Factor B

L r rr 1 1 1T 1T [ [ [ [ T T T 7]

Figure 6. AHP pairwise comparison

After all opinions were collected Expert Choice® version 11 software was used to calculate the relative weight for
each factor. The results are presented in Table 1. The “Audio distinctness” factor was considered the most important
factor and the “Durability” the less important one, which is in agreement with (Jeelani, 2011) results. The relative
weight of the other factors doesn’t match the results of (Jeelani, 2011).
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Table 1: AHP results for mobile phone selection factors

Selection Factors Relative Ranking
Weight
Audio distinctness 0.265 1
Text entry method 0.114 2
Geolocation 0.100 3
Usability 0.094 4
Screen size 0.076 5
Portability 0.072 6
Adaptation to environment lighting 0.066 7
Grip 0.065 8
Battery life & type 0.061 9
Mobile phone cost 0.045 10
Durability 0.041 11

The relative weights for the selection sub-factors are presented in Table 2. “Talk time”, “Volume” and “Ease to
learn” are the most important sub-factors in their category.

Table 2: AHP results for mobile phone selection sub-factors

Selection Factors Sub-Factors Relative Weight Ranking
Talk time 0.517 1
Battery life & type Standby time 0.278 2
Battery type 0.206 3
Volume 0.586 1
Portability
Weight 0.414 2
Ease to learn 0.303 1
Efficiency of use 0.280 2
Usability Satisfaction 0.169 3
Ease to remember 0.151 4
Error frequency 0.097 5

According to the methodology, the factors and sub-factors were and grouped based on physical characteristics
(green), satisfaction metrics (blue) and performance metrics (yellow) rated on a scale 1-3 (see Table 2). The criteria
for rating each factor or sub-factor are also presented in the Table 3.

Table 3: Rating criteria for selection factors

Rating scale

Factor
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Desiened for Designed for use in | Designed for use in
Durability norrgn al use adverse conditions | harsh conditions and
but not waterproof water resistant
Battery type NiCad NiMH Li-Ton
Battery life &
| type Talk time <=4h 4 to 8h >= 8h
o
g Standby time < 200h 200 to 400h >= 400h
[
g Qwerty physical text | Qwerty physical text
& | Text entry method entry with limited entry with small Qwerty software text
o= entry
O key buttons
S Weight >170 g 85t0170 g <85¢g
%] B E
2 Portability
~ Volume > 98 cm? 82 to 98 cm? <82 cm?
Screen size 176x220 mm 176x220 mm to 320x480 mm
or smaller 320x480 mm or larger
Geolocation No GPS Assisted-GPS
Mobile phone cost > 300 € 100 to 300 € <100 €
Grip Inadequate Adequate Highly adequate
Adaptation to environment lighting Very bad Well Extremely well
=}
o
g Audio distinctness Unclear Clear Extremely clear
'% Ease to learn Difficult Easy Extremely easy
n
Ease to remember Difficult Easy Extremely easy
Usability
Satisfaction Low Medium High
A Error frequency > 66% 33 to 66% < 33%
Efficiency of use > 66% 33 to 66% < 33%
Phase 3

In this phase the 5 most used mobile phones (based on questionnaires conducted in Phase 1) were assessed. The
mobile phones tested were two touch smartphones (A, D), one keyboard smartphone (B) and two basic cell phones
(G E).

Once all the data (physical characteristics, satisfaction metrics and performance metrics) were collected, it was
converted to the scale 1-3, according to the criteria presented in Table 3. All the results of this Phase are presented in
Table 4.

The physical characteristics of each mobile phone were assessed by the analyst based on the technical specifications
provided by the respective manufacturer.

The satisfaction metrics (subjective measures) and the performance metrics (objective measures) were collected
during a usability test using the Cognitive Walkthrough protocol performed on a sample of 20 individuals. The
greater the number of participants the lower is the error and more accurate are the obtained results (Tullis and
Albert, 2008). The test was performed using a convenience sample. The average age of participants was 27.8 years
(standard deviation = 7.5 years). 85% of participants were male and 15% female. Only 35% of participants reported
the use of mobile phone to communicate an emergency situation.

The usability tests were conducted in laboratory with proper lighting, sound and thermal conditions, providing a
comfortable environment to participants. At the beginning of the session a version of the CW protocol was given to
each participant, as well as a brief explanation of the procedure. During the explanation all doubts presented by
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participants were clarified, to minimize unwanted effects in test results. Before performing the tasks participants
were allowed to familiarize themselves with the features of each maobile phone, such as making a voice call to assess
the distinctness of the sound, send a text message and use the camera. Usability testing was conducted by a
participant at a time, so that the analyst could properly evaluate the performance of each participant and gather all
the necessary information. To reduce memorization bias and to obtain more accurate results the counterbalancing
technique was used. This technique consists of altering the order of the tasks for each mobile phone (Tullis and
Albert, 2008). Data collection was performed using the software Microsoft Excel®, where all values of usability
metrics evaluation were recorded. Tasks were performed with the mobile phones in flight mode in order to prevent
false calls to the emergency number 112 (# emergency service).

The CW protocol comprised three tasks, which were selected based on the emergency services currently available
and services that may become available in the near future. The tasks were the following:

Task 1- Simulate a call to the emergency number 112. This task tested the currently available method of contact for
reporting emergencies.

Task 2- Take a photo and simulate sending it to the emergency number 112. This task tested a new service that
could eventually become available in the near future, improving the information available to Emergency
Management Entities, by combining a georeferenced emergency context picture.

Task 3- Write the following text message "Help I'm closed in the Ergonomics Laboratory of the Faculty of Science
and Technology" and simulate sending it to the emergency number 112. This task tested a new method of
contact in an emergency situation, which might become available in the near future, offering the advantage
that this communication can be used when the cell network signal strength is weak or the mobile phone
battery charge is low.

Regarding the results all participants were able to successfully perform all the planned tasks. Figure 7 presents the
average time needed by the participants to complete each task. Note that the tasks are not exactly comparable since
they don’t ensure the same type of outcome. For instance, the duration of task 1 is the lowest (average duration 2.2
s), however this task only assessed the time for dialing the emergency number and not the time to establish a voice
call and to convey a message to the operator. The data gathered was used to assess the “Efficiency of use” sub-
factor, which will be explained bellow.
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Figure 7. Average time (and standard deviation) needed to complete each task

Regarding the subjective measures the data were obtained using linguistic scales from “Very Bad” (or “Very
Difficult”) to “Very Good” (or “Very Easy”) in the answer to questions, such as:

How do you rate the mobile phone sound distinctness?

| Very Bad Very Good |
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| 1 | 2 | 3 | 4 | 5 |

Regarding the objective measures (“Efficiency of use” and “Error frequency”) the first step was to identify the best
statistical distribution to be fitted to each task, considering a sample size of 100 (20 individuals x 5 mobile phones).
Once obtained the best statistical distribution, the 33™ and 66™ percentiles will allow us to quantify the border line of
the scale 1 to 3. (Jeelani, 2011) used a Normal Distribution to fit to each task data. However, in this study, after
visual analysis followed by Chi-Square Distribution fitting test to a Normal Distribution, the fitting was rejected
with a p-value < 0.05, for the three tasks of each objective measure. On the left side of Figure 8 the frequency
distribution for task 1 of “Efficiency of use” is shown along with the Normal Distribution line, where the lack of fit
is notorious (Sturges rule was used to obtain the number of classes). A Gamma Distribution was then fitted to the
same data and its cumulative distribution represented on the right side of Figure 8 (Chi-Square Distribution fitting
test with a p-value of 0.423). The 33" and 66™ percentiles represented by p1 and p2 respectively, allowed to achieve
the scale 1 to 3, being the corresponding values in seconds: (2.50 — 8.00), (1.65 — 2.50) and (0.00 — 1.65).

IS

45 100

No. of observations
No. of observations

0 I = N

0 1 2 3 4 5 b 1 8 o0 05 1.0 1.5 2,0 2,5 3.0 35 40 45 50 55 §0 65 7.0 75 8

Category (upperlim its) Pl PL Cateqory (upperlin its)

Figure 8. Frequency distribution with Normal Distribution fitting line (left) and
Gamma cumulative distribution (right), for task 1

This procedure was applied to the remaining tasks of both performance metrics. With the new scale results an
average for each task per mobile phone was calculated. From the average of the three tasks’ results per mobile
phone we derived the ratings for “Efficiency of use” and “Error frequency” shown in Table 4.

As referred before, Table 4 shows the assessment for each selection factor for the five mobile phones tested as well
as the Overall Score provided by the adaptation of Jeelani’s (2011) human-centered methodology to the Portuguese
context. Smartphone 1 reached the highest Overall Score, followed very closely by Smartphone 2. Regarding the 4
most important selection factors, the assessment was:

- “Audio distinctness” — all 5 devices obtained identical ratings in this factor;

- “Text entry method” — the 2 touch smartphones were the ones better rated regarding this characteristic;

- “Geolocation” — only the 3 smartphones offered this feature;

- “Usability” — the 2 touch smartphones were the ones better rated considering this factor.
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Table 4: Ratings and overall score for the five mobile phones tested

Mobile phones
Factors & Sub-factors Relative Weights
A B C D E
0,041 1,00 1,00 1,00 1,00 1,00
0,061 2,73 2,21 3,00 2,49 2,21
3,00 3,00 3,00 3,00 3,00
3,00 2,00 3,00 2,00 2,00
2,00 2,00 3,00 3,00 2,00
0,114 3,00 2,00 1,00 3,00 1,00
0,072 2,59 2,59 3,00 2,59 3,00
2,00 2,00 3,00 2,00 3,00
3,00 3,00 3,00 3,00 3,00
0,076 3,00 3,00 1,00 3,00 1,00
0,100 3,00 3,00 1,00 3,00 1,00
0,045 1,00 2,00 3,00 1,00 3,00
0,065 2,70 2,50 2,30 2,70 2,25
0,066 3,00 2,55 2,35 2,95 1,85
0,265 3,00 3,00 2,80 3,00 3,00
0,094 2,58 2,07 2,50 2,59 2,39
2,90 2,20 2,85 2,95 2,50
2,90 2,40 2,90 2,90 2,75
2,85 2,10 2,65 2,90 2,40
* Efficiency of use 0,280 2,10 1,75 2,02 2,12 2,37
* Error frequency 0,097 1,95 2,05 1,90 1,80 1,55
Overall score 2,72 2,53 2,15 2,70 2,10

CONCLUSIONS

The study presented an adaption to the Portuguese context of the mathematical methodology developed by (Jeelani,
2011) which holistically represents human factors issues associated with the use of mobile phones in emergency. As
happened in the study performed in The Bahamas this human-centered methodology for the assessment of mobile
phone allows the rating of equipment in terms of suitability for use in reporting emergency situations, having the
satisfaction of user needs as a main priority. This methodology is truly human-centered since all the phases involved
user input, namely in the identification of selection factors and in the incorporation of usability (subjective opinions
and operator-use objective measures).

Based on the results from interviews (Phase 1) a new selection factor (“Geolocation”) was added to the existing
model. Therefore, there was the need to reevaluate the weighted importance of each selection factor using AHP. The
AHP results indicate that "Audio distinctness" was considered by respondents as the most important factor, since
voice call is the most used communication method in the report of emergency situations. Regarding the "Battery life
& type" factor respondents considered "Talk time" as the most important sub-factor. Both classifications are in
agreement with the results obtained by (Jeelani, 2011). Regarding "Usability" respondents rated "Ease of learn" as
the most important the sub-factors, probably because mobile phones should be easy to use so that users can start
work with them quickly.
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In this study, based on the individuals’ population engaged, on the proposed tasks and on the set of devices
analyzed, it was found that Smartphone 1 reached the best Overall Score, being the device with better
characteristics, followed by Smartphone 2 (with a very close overall score). Although this study introduced a new
factor in the assessment of mobile phone, the “Geolocation” and some rating criteria were adapted to the Portuguese
context, the results are similar to those obtained by (Jeelani, 2011).

It should be noted that this study was performed mainly to test the proposed methodology in another country, by
adapting it to a different context. On the other hand, considering that the tests performed in the different phases of
the methodology were based on a convenience sample the results don’t have statistical significance; therefore they
cannot be extrapolated to the entire Portuguese population. Despite this it was possible to conclude that the human-
centered mobile phone selection model proposed by (Jeelani, 2011) can be adapted to other contexts, which was one
of the suggestions made by Jeelani in his work.
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