Issuesin Informing Science and Information Technol ogy Volume 6, 2009

Usability Issues in
Mobile-Wireless Information Systems

Ruti Gafni
The Open University of Israel, Israel

rutiga@ openu.ac.il

Abstract

Usability is one of the characteristics that conepitee multi-dimension concept of information
systems' quality. Technology improvements enaldebthilding of information systems to be
used "any place, any time", through mobile handtleidces and wireless networks. Usability is
threatened by the use of mobile-wireless infornmasigstems, especially because of the use of
small devices with tiny screens, the difficultyaperate and the use during mobility. Therefore,
there is a need to measure the usability charsiitein order to define the level of quality of
such information systems. This paper introducesidfiaitions of usability, and presents the
definition of new metrics, defined in order to me@sthe quality level of usability of mobile-
wireless information systems. These metrics wengr@ally validated using four different ex-
periments, based on handheld devices.
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Introduction

The evolution of technology in the fields of hanldhgevices like cellular phones, personal digi-
tal assistants (PDA) and smart-phones and in éie d¢f wireless communications increased the
development of mobile-wireless information systewisich can be used ubiquitously.

Mobile-wireless information systems can create fitsrfer organizations; such as productivity
enhancement, processes and procedures flexiliistpmer services improvement and informa-
tion accuracy for decision makers, which togethapleasize competitive strategy, lower opera-
tion costs, and improved processes (Lau, 2006; 2@83; Lovell, 1995). But, on the other hand,
they face new kinds of problems: narrow bands, lseaices, tiny screens and diversity of users
and devices. These problems threaten the qualtyali systems (Terho, 2002), including the
usability quality characteristic, which is one loé tcharacteristics that compose the multi-
dimension concept of information systems' quality.

Research on quality of information systems has liearsed on traditional (Kan, 2002) and in-
ternet information systems (Calero,
Ruiz, & Piattini, 2004; Covella & Olsi-
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fined according to Gafni's methodology (2008), asure the usability of mobile-wireless in-
formation systems. The metrics were defined andr@ally validated.

Mobile-Wireless Information Systems

Schiller (2000) describes two mobility dimensiouser mobility which allows connection to the
system from different geographical sites and dewmiobility which enables mobility of both user
and system. This research focuses on mobile-wédiéar mation systems, allowing the users to
be connected any time at any place, using handlexides such as PDAs or cellular phones con-
nected via a wireless network.

There are two classifications of mobile-wirelesplizptions: horizontal and vertical (Stafford &
Gillenson, 2003). Horizontal applications are gahexdaptable to a wide range of users and or-
ganizations, e.g.: e-mail, browsers, and file tmmapplications. Vertical applications are specifi
to a type of users or organizations, for exampericial applications, such as money transfer,
stock exchange and information inquiry; marketind advertising applications according to the
actual user posttion, i.e., pushing coupons teestand information about sales nearby; emer-
gency applications to check real-time informatimni government and medical databases and
utility companies applications used by techniciand meter readers.

There were unsuccessful attempts to develop melbiteless information systems at the begin-
ning of the millennium, since technology, deviced @frastructures were immature (Sult & Lee,
2003). This situation changed during 2003, andyatsabhgreed that this kind of systems will
grow and their market share will expand (Lau, 2Q@&, 2003). The major reasons are emer-
gence of third generation wireless networks (UsiséMobile Telecommunications System
[UMTS], Code division mutltiple access [CDMA2000 Bdd General Packet Radio Service
[GPRS])), their coverage expansion and deve lopnfesthart mobile devices.

There are several advantages of using these systéinesplace and time of the event occurrence,
in particular, productivity enhancement, resourkoeation flexibility, competitive advantages,
service improvements and information accuracy @dak Agrawal, 2002).

Usability — A Measurable Quality Characteristic

Measuring creates a quantitative description whlidws behavior comprehension and enables
selection of tools and technigues to control art@ve processes, products and resources. In-
formation systems quality cannot be measured gnigdftware faults absence; it must be broad-
er. In fact, quality is a multi-dimension conceptieh includes a multitude of characteristics to
cover all aspects, life-cycle phases and viewpogseral attempts have been made to examine
the information systems quality nature, to definalily components and to find systematic ways
to measure them (Boehm, Brown, Kaspar, Lipow, & Mo, 1978; ISO/IEC 9126-1, 2001;

Kan, 2002; McCall, Richards &, Walters, 1977; Pangdi2004).

One of the characteristics included in all quaditgndards and definitions, accepted by all re-
searchers is “usability”, which was originally dexdl from the term “user friendly”. However,
there is no consistency in the definition of theamieg of usability and its decomposition into
sub-characteristics.

The Definition of Usability

Different standards define usability in differerays, for example:

* “The ease with which a user can learn to operagggve inputs for, and interpret outputs
of a system or component.” (IEEE1061, 1992)
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* “The extent to which a product can be used by Bpdaisers to achieve specified goals
with effectiveness, efficiency, and satisfactiora ispecified context of use.” (1ISO9241-
11, 1998)

* “The capability of the software product to be ustieod, learned, used, and attractive to
the user, when used under specified condition§0@126-1, 2001)

These and other definitions, make it difficult feesify the measurable usability attributes and
their interpretations from different points of vieSeffah & Metzker, 2004). For example, for
the end user, software usability is essential bee#dumeasures user performance, satisfaction,
and productivity. An application that features gosability will allow the user to perform the
expected tasks more efficiently. For managers,iliigab a major decision factor, particularly for
selecting a product. Therefore, it has a diredianice on the organizational productivity and per-
formance. For software developers, usability caddxcribed in terms of internal attributes of a
system that affect user performance and produgtivihese viewpoints have led to different defi-
nitions of usability in various standards, althowagle function of standards is to impose consis-
tency (Bevan, 2001).

ISO/IEC 9126 is a standard, defined by the Inté@nat Organization for Standardization and the
International Electrotechnical Commission (ISO/IE126-1, 2001), which decomposes quality
into several characteristics, further divided istib-characteristics (Figure 1). This standard de-
fines internal metrics to be measured without fgatinoperate the system and external metrics to
be measured while testing or executing the sysidm.ISO/IEC 9126-1 definition of usability is
concerned with attributes of the product that makaderstandable, learnable, easy to use and
attractive. ISO/IEC 9126-4 introduces the term ligpian use™ as "The capability of the software
product to enable specified users to achieve spdgbals with effectiveness, productivity, safe-
ty and satisfaction in specified contexts of usg809126-4, 2004). Quality in use is the com-
bined effect of the six categories of software iuathen the product is in use. The objective is
to achieve quality in use, both for the end usertha support user.

Functionality Reiability Usability Efficiency Maintainability- | | Portability Quality:in- Us:
I I I I I I I
Suitability Maturity Understandabilit || Time Behavio Analyzability Adaptability Effectivenes
Accuracy Fault Learnability Resource Changeabilit Installability Productivity
Toleranct Utilization

Interoperabilit o Operabili . Stabili Cao-existenc Safet:

® nt Recoverabilit: P ity Efficiency 1ty X I !
Compliance

Security — Attractivenes Testability Replaceabilit || Satisfactior
Reliability
Compliance

Functionality Usability Maintainability || Portability

Compliance Compliance Compliance Compliance

Figure 1: ISO/IEC 9126 Quality Characteristics andSub-characteristics

Abran et al. (2003) proposed an enhanced modgjraitiag together the ISO 9241-11 and 9126
standards, including sub-characteristics like dffeaess, security and satisfaction, which can be
used as input to the next ISO review of these ntvenanodels.

The usability characteristic is also defined in fiieéd of interactivity in Human-Computer-
Interface (HCI), as an attribute that guides howldeign an information system, ensuring that it
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is easy to use a system with a given level of fianatity. This will lead to the fit of user' needs,
which include the user's perceptions about theegydhe mental effort needed, the ease of use
and satisfaction (Te'eni et al., 2007).

According to Folmer and Bosch (2004), there areesmasons for this inconsistency in usability
sub-characteristics definitions: (1) some authses different names for the same attribute, such
as memorability and learnability; (2) authors hdierent opinions on what they consider to be
a useful usability attributes; (3) authors useedéht ways of combining attributes which com-
pose usability.

From a practical viewpoint, it is important to defiusability so that it can be measured.

ISO 9126 standard is the only approach to usaltiiléy recognizes usability to be a quality at-
tribute of a product that is also influenced byeotquality attributes (Folmer & Bosch, 2004). Its
enlargement to ISO/IEC 9126-4 suggests metriceffectiveness, productivity, satisfaction and
safety that can be used for this purpose.

Usability in Mobile-Wireless Information Systems

Mobility influences on ISO/IEC 9126 quality charaxstics, and especially on the usability char-
acteristic. One of the reasons is the operaticheobystem using mobile devices, because of the
following motives:

» Technical limitations: small memories (the amourihformation stored on it cannot be
large), short battery life (the continuous peribavork cannot be long) and limited cal-
culation and computation capabilities.

* Wide variety of devices, possessing different otterastics, which the application must
be adaptable to all of them (Brady, 2004).

* Uncomfortable use of devices: tiny screens, whidtrict the amount of data displayed,
and small keyboards that are difficult to operate.

The use of handheld devices can arise securijg@yiand confidentiality problems (Di Pietro &
Mancini, 2003; Herzberg, 2003) when lost, due tesfide unauthorized access to sensitive data.
These problems are not dealt in this paper siregdre not part of the usability quality charac-
teristic, but are part of the functionality qualtiaracteristic.

Relying on wireless networks affects on usabittgome ways, for example:

* The network enables using automatic location inftiom, instead of inserting informa-
tion by the user.

* The bandwidth of the wireless network is relativedyrow, so the amount of data to be
transferred must be limited.

Usability is one of the most important charactessivhen targeting systems to wide audiences,
that need to operate an intuitive system, withaetod training and support.

Mobile users may not be able to concentrate osystem use, so the application should not be
complicated, the input must be easy to insertjtimeuand simplified by using location aware
functions (Terrenghi et al., 2005). Since mobilplaptions may be used while driving or walk-
ing, tasks which need the user attention, the @jin manipulation must be simple and intui-
tive, enforcing safety. Moreover, the noisy surmings (when operating the system while on a
street or public environments) may distract the as€e cause input errors, inaccuracy and slow-
ness. The operability sub-characteristic is afbctainly by the mobile device attributes: screen
size, keyboard or numeric pad, etc., which restqmiit and output interaction possibilities. On
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the other hand, the ability to reach the relevaiéa tany place any time” enlarges the system at-
tractiveness.

How to Measure Usability

Mobile-wireless information systems must be meagiest, on the basis of traditional systems
metrics, e.g. ease of maintainability, minimum cé@mwijy, lack of faults, mean time between
failures (MTBF), etc., which are the fundamentatnias for all information systems. Further-
more, they must be measured according to inteys¢emis metrics, e.g. no broken links, ease of
navigation, etc. In addition, they need to be meswith special targeted mobile-wireless met-
rics (Spriestersbach & Springer, 2004), which neegliantify the following questions:

* To what degree is the screen over-loaded and din@sithe application understandability?
» Are there specific menus for each possible operatio

» Are the buttons which operate each option cleaugh®

* Is the help function for tasks easy to find?

* Is the application configurable according to uset device?

* Do the input fields have default values or choimstead of textual input, in order to mini-
mize errors?

* Does the system use location aware functions dardo minimize inputs?

* Is the length and format of the outputs optimizeddreen size?

Definition of New Usability Metrics

The definition of new metrics to quantify the udigpguality characteristic of mobile informa-
tion systems is based on Gafni's (2008) researateps, which consists of several phases:

(1) Detection of quality problems and risks thattome from the architectures and protocols of
mobile-wireless information systems and influenonausability (Asunmaa et al., 2002; Green,
2003; Huber, 2004; Tarasewich, 2003; Varshney &éref002; Vaughan-Nichols, 2004).

(2) ldentification of objects (clustered into faemtities: device, application, architecture and us-
er), which were decomposed into measurable asb{(BO/IEC 15939, 2002) and assigned a
unit measure and a scale, according to its medibchenham et al., 1995).

(3) Definition of metrics, methods for the measyifimocess with specific formulas, (ISO/IEC
15939, 2002) to allow objective measurement of ilisain mobile-wireless information sys-
tems.

(4) Metrics theoretical and empirical validation.
The new defined usability metrics can be mappédddndifferent viewpoints:

* As a matrix which displays the usabilty metricxamling to the specific problems in mo-
bile-wireless information systems. Table 1 presénssviewpoint mapping.

* As a hierarchy starting from the usability qualtiyaracteristic, describing which metrics
guantify the degree of quality for each sub-chamdgtic. This is shown in Figure 2.

The new metrics are defined in Table 2.
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Table 1: Usability metrics mapped according to molé-wireless proble ms

Source of problems: Network Device Mobility
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Display load )
Clarity of operation possibilities X
Completeness of operation menu X
Display self-adjustment possibilities X X X
Messages conciseness X X XX
Ease of input entering X
Ease of output use X X
Parameters self-adjustment possibilities X X X X
Ease of use - displays per output X[ X X X| X
Ease of use - displays per task X X X| X X| X
Tasks based on user location X X | X
Display load

Understandabiity

Chrity of operation possibilities

Learnability

Completeness of operation menu

Ease of input entering

Display self-adjustment possbilities

Usabiity Operabiity

Messages conciseness

Ease of output use
|Paramete rs self-adjustment possibiities

Tasks based on user bcation

Attractiveness

“t) Ease of use - displbys per output
|Ease of use - disphys per task I

Figure 2: Metrics mapped according to usability cheacteristic and sub-characteristics
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Table 2: Usability Quality Metrics for Mobile-Wirel ess Information Syste ms

Metric Name

Metric purpose

Method of calculation

Display load

Measures the burden degree
the displays. Because of the

pLCalculate ratio between display siz€
and device screen size, for each dig

screen’s size, the understandabiplay in system. Distribute ratios to

ity is lower when the display is
overloaded.

inversed weightedategories, and ca
culate weighted average.

Clarity of operation
possibilities

Measures the degree of clarity
the possible operations in screq
thus the user performs the right
activity.

pObserve new users' operations, ac
pnprding to a pre-written scenario, arn
count the number of right and wrong
actions.

d
)

Completeness of
operation menu

Measures the degree of com-
pleteness of menus possibilities

Count the number of continuation p
sibilities in each display, and comp3g
to actual possibilities in menu.

DS-

Display self-
adjustments possibi
ties

Measures the degree in which
iluser can adapt the displays of
system to his/her needs.

$Count the percentage of displays

hehich can be self-adjusted.

Messages
conciseness

Measures the conciseness of 0
erational and error messages.
This save place in memory and
the messages are easy to read
from screen.

[Calculate ratio between message s
and maximum lines in screen. Distri
ute ratios to inversed weightedtego-

ries, and calculate weighted average.

ze
b-

[

Ease of input
entering

Measures the ratio of easy to fi
input fields, like usage of defau
values, list of values or self-

completing fields.

ICount number of closed input fields

efault value fields and self-
completing fields. Calculate ratio be|
tween counted fields and total of ing
fields.

ut

Ease of output use

Measures the suitability betw
length of outputs and device
screen size.

dealculate average displays for mes
sage. Count number of outputs nee
ing leafing, by checking ratio betwe
number of lines in output message
number of lines in screen.

a-
BN
and

Parameters self-

Measures the degree in which

Healculate the percentage of self-

din

adjustments system can be adjusted to the yigdjustment parameters implemente
possibilities er's needs. the system.
Ease of use — Measures the degree in which tieéount the number of times the user

displays per output

system performs minimum inter
actions.

-enters inputs to the system and wai
for response, till receiving the final
output.
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Metric Name Metric purpose Method of calculation

Ease of use - displayMeasures the number of screep€alculate number of iterations be-

per task involved in one task. The effecq{tween user and system, till end of task.

tiveness and usability is greate
when the system is easier to o
erate.

Tasks based on usgiMeasures the degree of usage |[@ount the tasks where user location
location task based on user location, to | was implemented, and compare to {o-

minimize inputs. tal possible tasks.

Validation of New Metrics

Each metric defined by this research was validttedretically and empirically at least by one of
four different experiments performed in diversehtaogies and devices, such as cellular phones
and Personal Digital Assistants devices (examglel§ferent displays can be seen in Figure 3):

1.

762

The “PDA” experiment was performed on a systenetbped by Dooblo, a commercial
company. The system allows conducting surveys BDA infrastructure. This system
contains five different surveys, each includingesavdisplays.

The “Cellular” experiment was performed usingiraulation system developed specifi-
cally for this research. This system simulateslialaephone application. This applica-
tion allows technicians to service customers atehgrar customers’ complaints; that
they generated via the cellular phone. This systasideveloped twice, a “high quality”
system and a “low quality” system, which enablechparisons.

The “Where is the Child” experiment was perfadnasing a service provided by a major
mobile phone company, which enables a parent eveeaformation, over the cellular
phone, using GPS and cellular infrastructure, atseutocation of their child.

The “Electronic Mail’ experiment was performedoaralle! in two different environ-
ments, in order to compare them, and on a thirddc@mwient, not wireless and not mo-
bile, as a reference point:

Electronic Mail on a PDA environment, based aordsoft Outlook.

Electronic Mail on a cell phone, based on aisesupplied by a major mobile phone
company, which was developed based on MicrosoftboGRIEXpress.

Electronic Mail on a desktop computer, basetmmosoft Outlook Express.



Please rate how much you like the
following aspects of the movie:

Action

“Cellular’

“Where is the child?”

Figure 3: Examples of displays in the differe nt exgrime nts

“Electronic Mail”

Gafni

The aim of the experiments was to validate thantkérics behave in a consistent and logical
mode, for example, by showing that the value ofrtiedric grows when quality increases, and
vice versa. Thus, the metrics are a solid baselfan, when quantifying the quality of these sys-
tems. The values of the metrics were calculatedraer to the "Method of Calculation™ ex-

plained in Table 2. Table 3 summarizes the vadabf the usability metrics.

Table 3: Usability Quality Metrics Validation

Metric Name

Validated in experiment

Result of validition

Display load

“PDA” experiment
“Cellular” experiment

For less loaded displays the metric valug

received was higher, i.e., the displays of

the “Flight” survey which are the less
loaded, got a metric value of 1, the high{

possible. (Figure 4).

1%

pSt
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Metric Name

Validated in experiment

Result of validition

Clarity of operation
possibilities

“PDA” experiment
“Cellular” experiment

The value received was higher when po

SSi-

bilities were clearer, so the user made few-

er mistakes.

Completeness of
operation menu

“Electronic Mail”
experiment

None of the systems had fully complete
menus, but the value received was high

for the system most completed.

U =

Display self-
adjustments possibi
ties

“Electronic Mail’
Fexperiment

The two mobile systems had same num
of displays with self adjustments possib
ties, but less, compared to the desktop §
tem.

ber
li-
5Y'S-

Messages
conciseness

“PDA” experiment
“Cellular” experiment

Surveys, in which the messages were
shorter in proportion with display, got a

higher metric value.

Ease of input
entering

“PDA” experiment
“Cellular” experiment

For surveys where the ratio of “closed”
guestions was higher, the value receive
was higher, as shown in Figure 5.

Ease of output use “PDA” experiment When the number of leafing needed to gee
“Cellular” experiment all the output is greater, the value of the
metric received was smaller (Figure 6).
Parameters self- “Electronic Mail’ The two mobile systems were compared to
adjustments experiment the desktop system. The PDA system had
possibilities more seff-adjustments possibilities, and
accordingly got a higher value (Figure 7).
Ease of use — “PDA” experiment Outputs which consist in less displays, got

displays per output

“Cellular” experiment

a higher value than outputs which needg
more iterations.

Ease of use - displa
per task

/P DA’ experiment
“Cellular” experiment

When the number of iterations needed f
finish a task is greater, the value of the

tric received was smaller.

Tasks based on use
location

r'Where is the Child”
experiment

The whole purpose of this system is to f
user location, so in this case the metric
ceived the highest value. The user does
need to insert the location.

nd
re-
not

The theoretical proof and the empirical experimeniscessfully validated the new metrics de-
fined in this research. This paper focuses on thieica development process, therefore the vali-
dation results are detailed only for the above g@metrics.
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metric value

101 - PDA

1.00 a 0.88 0.89 0.90

0.91

1.00

0.80 7

0.60

0.40 +

0.20 A

0.00 T T T

Flight

Purchase

Movie

Supermarket|

P articipation

ScrS | DisNum  JAvg(PgSi)| X
630 |38 110.13 | 001

TaskiD] i | Pgsi [Pgsisas] xi [pissum Javarasi]  x

1 1105 0167 1 10 736 1

1 2 2 0067 1

1 3 9 0.157 1

1 4 61 0097 1

1 5 88 0.140 1

1 6 61 0097 1

1 7 73 0116 1

1 8 82 0.130 1

1 9 62 0098 1

1 63 01 1

2 11 112 0178 1 8 137.38 | 0875

2 12 150 0238 1

2 13 66 0.105 1

2 14 160 0254  0.667

2 15 115 0183 1.000

2 16 231 0367 0.667
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3 20 130 0206  1.000
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3 2 g 0132  1.000
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) 26 105 0167  1.000 7 1435/ | 0857
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4 28 149 0237  1.000
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4 31 321 0510 0.333

4 32 Z6 0121 1.000
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5 34 50 0079  1.000
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5 37 175 0278  0.667
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Figure 4: Validation of “Display load” metric in “P DA” experiment

107 - PDA

0.917

0.933

1.000

0.800

U.clo

© 0.800 +—0-667

0.714

'S 0,600 -

£ 0.400 1

2 0.200 1

0.000

R
N
R

Figure 5: Validation of “Ease of input e ntering” metric in “PDA” experiment
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108 - PDA vs Cellular
1

1
0.8 0.75
3 0.54
= 0.6
g
(]
s 04
()
1S
0.2
0 T T
PDA High Quality Low Quality

Figure 6: Validation of “Ease of output use” metricin “Cellular’ and "PDA" experiments

109 - Electronic Mail
1
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0.800
g
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>
2 0.400
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0.000 [ . T T
Cellular PDA DesKkTop

Figure 7: Validation of “Parameters self-adjustmens possibilities” metric in
“Electronic Mail” experime nt
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Summary

This paper introduced the usability quality chagsstic, which is part of the definition of quality
of information systems, although there is no cosesmbout its decomposition into sub-
characteristics.

The degree of usability is affected when operatiopile-wireless information systems. These
systems are activated through end devices, suchllair phones and Personal Digital Assis-
tance devices, which include a screen and dispEhysse technologies state new quality prob-
lems and challenges, especially because of thefiseall devices with tiny screens, the diffi-
culty to operate and the use during mobility.

Therefore, there is a need to measure the usaiiéiyacteristic, in order to define the level of
quality of such information systems. Metrics to m&a the usability of such systems were de-
veloped methodologically and were validated thaxméy and empirically. The metrics were
mapped in two different viewpoints, covering thahity sub-characteristics on one hand, and
the system problems on the other hand. These setr@ble objective quality evaluation and
comparison of mobile-wireless information systems.

These metrics are useful when the quality level nfobile-wireless information system must be
analyzed, quantified or defined, for example whemgaring two proposed systems, or when a
system has to be developed or bought. When thacsate used to compare systems, the higher
the metric value, the higher the system’s quatigwever, when only one system has to be
measured, the metrics need an external value tpareno. These values can be defined in ad-
vance according to the requirements of the system.

The purpose of the experiments was to validateléfiaition of the metrics, and this is the reason
that performing them on small samples was suffici€he experiments can be enhanced with
extended samples, using different kinds of devdaebmore applications.
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