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Abstract  
PDA-based information systems are suitable for m-learning, enabling ubiquitous and idle-time 
utilization.  However, the use of small devices and mobile systems requires special quality atten-
tion in order to get the desired benefits. This article examines the quality problems resulting from 
the characteristics of these systems, proposes some metrics to measure their quality and some 
practical implications for the designers and developers of PDA-based systems, including techni-
cal, implementation and content issues. 

Keywords: personal digital assistant (PDA), m-learning, information systems usability, mobile, 
quality. 

Introduction  
Mobile learning (m-learning) enables learning independently of place and time, ubiquitous, 
through wireless networks and mobile devices, such as personal digital assistants (PDA), cellular 
phones, smart-phones, and mp-3 devices (Alexander, 2004). In this article the focus is on PDA-
based m-learning information systems. Using PDA, the system can be activated online, while 
connected to the network, or offline, in case the information was previously loaded to the device 
memory and then used when disconnected from the network. 

During the last years, the development of mobile information systems increased, since technol-
ogy, devices, and infrastructures matured, including the emergence of third generation wireless 
networks (UMTS - Universal Mobile Telecommunications System, CDMA2000 1x - Code divi-
sion multiple access, and GPRS - General Packet Radio Service). The use of mobile systems will 
further grow (Lau, 2006; Lee, 2003). This has lead to development of diverse kinds of systems, 
including m-learning, which can be used by a variety of users for different tasks. Among others, 
students traveling by bus or train can read course summaries, perform online quizzes or assess-

ments, and send them to the relevant 
instructor; company workers can use 
these systems for specific training, using 
any free time, wherever workers are 
situated; travelers can avoid carrying 
tourist travel books when visiting old 
towns and receive the desired informa-
tion using their mobile devices. 

M-learning systems can create benefits 
for organizations and users, e.g., better 
idle time utilization, productivity en-
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hancement, flexibility of processes and procedures, etc., which together emphasize competitive 
strategy, lower operation costs, and improve processes (Malladi & Agrawal, 2002). However, 
these benefits can be nullified by using sub-quality information systems. In order to use these sys-
tems successfully, they need to be of high quality (Terho, 2002). Mobile-wireless information 
systems face new kinds of problems, different from traditional and internet systems, which have 
been largely researched (Calero, Ruiz & Piattini, 2004; Covella & Olsina, 2006; Kan, 2002; Pan-
dian, 2004). These problems include devices with small screens, keyboards, and memory, narrow 
bands, lack of coverage and diversity of users and devices. M-learning systems are affected by 
these special problems; thus, they require an enhanced quality definition. The purpose of this 
study is to find metrics to quantify the quality of such information systems in order to enable the 
evaluation, comparison, and analysis of m-learning information systems quality.  

Quality Issues in PDA-based M-learning Systems 
Although most benefits of mobility, as mentioned before, can be regarded as being based on 
technical quality, either of hardware, software, or the carrier network, mobile-wireless informa-
tion systems face some unique problems originating from the mobile devices and from the char-
acteristics of the network. Because m-learning systems are part of the mobile-wireless informa-
tion systems, they suffer from the same problems. 

The mobile devices cause some of these problems:   

• The devices have technical limitations such as small memories (the amount of informa-
tion stored on it cannot be large), short battery life (the continuous period of work cannot 
be long), and limited calculation and computation capabilities.  

• There is a wide variety of devices, possessing different characteristics, and the applica-
tion must be adaptable to all of them (Brady, Conlan, & Wade, 2004).  

• The devices’ use is uncomfortable, because of their size: tiny screens (which restrict the 
amount of data displayed), low resolution (pictures and video-clips are not seen in their 
optimally), and small keyboards difficult to operate.  

• Security problems can arise when lost, due to possible unauthorized access to sensitive 
data. 

 
These problems intensify when the m-learning system is targeted for a wide audience, where the 
users are faceless and there is neither user training nor implementation, but they are significant 
also in closed organizational information systems (firms, schools, universities, etc.). 

When using the m-learning system online, networks cause other problems, including:  

• Limited bandwidth, which influences directly on video-clips’ display. This problem di-
minishes over the time because of the network generations’ evolution (3G and up). 

• Inconsistent connection stability and transfer delays, which interfere with learning conti-
nuity. 

• Moreover, when users operate the system during mobility, the connection point to the 
network can change and obstacles can interfere, causing temporary disconnections, inter-
ruptions, or disturbances.  

• Varied standards and protocols, some with high overhead, decrease the performance 
level; others with geographical restrictions restrict system use pervasiveness. 

• Issues of security, privacy and, confidentiality (Di Pietro & Mancini, 2003; Herzberg, 
2003) arise, which include risks of eavesdropping and the need for user identification and 
authentication, especially when conducting quizzes and exams or delivering private in-
formation. 
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• High costs of operation, especially when the users are low budget as students. 
 
Using PDA-based m-learning systems, instead of smaller devices like cell phones, can be benefi-
cial (Wood, 2003) because the user can get quick and easy access to data, the devices have a 
Qwerty style keyboard or a stylus that allows the user to interact with the system by touching the 
screen, some have memo pads and voice recorders that allow the user to record notes, and data 
can be gathered in the device and further sent to the remote system. Still, PDA devices do not 
solve the problems listed above. Therefore, these problems demand precise considerations, both 
in trying to avoid them, as much as possible, by specific and targeted design of the system and in 
measuring system quality, which is significantly influenced by all these features.  

This article deals with measuring quality of PDA-based m-learning information systems with off-
line activation, which enables learning, and not the quality of the learning itself. It covers the sys-
tem quality level, identified by Kim and Ong (2005) as one of the three success factors of m-
learning from the learners' perspective. 

Relevant metrics are defined and validated using a PDA-based experiment.  

Information Systems Quality Measuring 
In order to measure the quality of PDA-based m-learning systems, there is a need to understand 
the significance of information systems quality measuring. Measuring creates a quantitative de-
scription which allows behavior comprehension and enables selection of tools and techniques to 
control and improve processes, products, and resources. Information systems quality cannot be 
measured only by software faults absence; it must be broader, including characteristics to cover 
all aspects, life-cycle phases, and viewpoints. Several hierarchical models for quality definition 
were proposed (Boehm, Brown, Kaspar, Lipow, & McCleod, 1978; McCall, Richards, & Walters, 
1977). The most recent is ISO/IEC 9126 standard (ISO/IEC9126-1, 2001), which decomposes 
quality into seven characteristics, further divided into sub-characteristics (Figure 1). This standard 
defines, for each sub-characteristic, internal metrics to be measured without having to operate the 
system and external metrics to be measured while testing or executing the system. Gafni (2008) 
proposed to extend the metrics of the standard to cope with the problems of the mobile-wireless 
information systems. 
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Figure 1 – ISO/IEC 9126 quality characteristics and sub-characteristics 
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Measuring Quality in PDA-based M-learning Systems 
PDA-based m-learning systems must be measured on the basis of traditional systems metrics, 
e.g., ease of maintainability, minimum complexity, lack of faults, and mean time between fail-
ures, which are the fundamental metrics for all information systems. Furthermore, when used 
online, they must be measured according to internet systems metrics, e.g., no broken links or ease 
of navigation. In addition, they need to be measured with special targeted mobile-wireless metrics 
(Spriestersbach & Springer, 2004).  

The problems mentioned above raise some quality issues which affect the ISO/IEC 9126 quality 
characteristics and sub-characteristics and must be measured using new defined metrics.  

Functionality includes the suitability, accuracy, interoperability, and security sub-characteristics. 
Suitability means that the functionality of the application fits the needs to fulfill a certain task 
without overwhelming the user. This is important in m-learning systems, especially because of 
the problems caused by the use of small devices. For this reason the information for these systems 
must be delivered in small and concise amounts (Parsons & Ryu, 2006; Venkatesh & Ramesh, 
2002). Security is affected in different ways, for example, loss or theft of the mobile device or 
exposure of the messages in the network to unauthorized access. 

Reliability includes the maturity, fault tolerance, recoverability, and reliability compliance sub-
characteristics. During mobility, network problems, hiding obstacles, and hopping between an-
tennas may disturb and interrupt communication. Thus, the system must be fault tolerant to main-
tain a specified level of performance, and, if connection is suspended, the system needs to re-
establish the communication and recover the data directly affected, supporting recoverability.  

Usability includes the understandability, learnability, operability, attractiveness, and usability 
compliance sub-characteristics. Usability is one of the most important characteristics when target-
ing systems to wide audiences, such as students, that need to operate an intuitive system, without 
direct training and support. Mobile users may not be able to concentrate on the system use, so the 
application should not be complicated, and the input must be easy to insert, intuitive, and simpli-
fied by using location aware functions (Terrenghi, Kronen, & Valle, 2005). The operability sub-
characteristic is affected mainly by the mobile device attributes: screen, keyboard, and numeric 
pad, which restrict output and input interaction possibilities. Output capabilities of devices are 
determined by their screen, which limits the amount of information for simultaneous display. Ap-
plications need to consider this limitation, for example, by distributing information across multi-
ple pages or adapting the content of the application. But, on the other hand, the operation of leaf-
ing through multiple pages in a mobile device decreases the operability. The input restrictions are 
due to size constraints of mobile devices and due to keyboard capabilities. This must be taken 
into consideration by applications that need to limit data input to minimal required data, pre-
defined options, and automatic filled-in fields.  

Moreover, the noisy surroundings (when operating the system while on a street or public envi-
ronments) may distract the user and cause input errors, inaccuracy, and slowness. The ability to 
reach the relevant data “any place any time” enlarges system attractiveness. 

All these reasons show that m-learning applications should minimize and simplify the required 
interaction between the user and the system. 

Efficiency includes time behavior and resource utilization sub-characteristics. The high costs of 
wireless network usage, which currently have an economic impact greater than wired networks, 
mean that applications must be focused and the usage time reduced, otherwise users will avoid 
expensive systems. Moreover, users are accustomed to rapid systems, so slowness is unaccept-
able, especially when users are “on the move.” Mobile devices include small memory and low 
processing resources, so applications must be aware of these restrictions and optimize resource 
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utilization. These contribute to application’s suitability as well as time and resource based effi-
ciency. 

Maintainability includes analyzability, changeability, stability, and testability. This set of sub-
characteristics reflects mainly the technical stakeholders' viewpoint, such as the developers and 
maintenance people (Hordijk & Wieringa, 2005). Thus, the mobile-wireless features do not have 
significant influence, additional to those of the traditional systems features, upon them, and learn-
ers are not affected by the level of quality of the maintainability characteristic. If the application 
to be used for m-learning is the same used for e-learning, the architecture must be adaptive and 
rely on reusability of components (Goh & Kinshuk, 2006) so the level of maintenance quality will 
not lessen. 

Portability includes adaptability, installability, co-existence, and replaceability. Portability is 
very important in m-learning systems that are targeted to wide audiences because of the large di-
versity of devices held by users and the lack of control over these devices, e.g., configuration de-
vices and applications run by them. The application must adapt itself to the device features, both 
during installation and operation, and according to the user’s preferences (Goh & Kinshuk, 2006). 
The application installation on the device must be invisible to laypersons. The application opera-
tion in the mobile device needs to exist harmoniously, sharing common resources, with other ap-
plications installed in the same device, especially co-existing with the telephone facilities when 
used in mobile or smart phones.  

Quality in use is the user’s view of quality: “The capability of the software product to enable 
specified users to achieve specified goals with effectiveness, productivity, safety and satisfaction 
in specified contexts of use” (ISO/IEC 9126-4, 2004). Since mobile applications may be used 
while driving or walking, tasks which need the user attention, the application manipulation must 
be simple and intuitive, enforcing safety.  

Kim and Ong (2005) examined the success factors of m-learning from the learners' perspective, 
identifying three main dimensions of user satisfaction: system quality, content quality, and ser-
vice quality. The system quality deals with the technical level, which is covered by the above 
characteristics, especially reliability and usability. Content quality deals with the semantic level, 
meaning the information quality and output accuracy and reliability. Service quality includes the 
installation assistance, product knowledge of the body supplying the service, training, support, 
and online help. 

Parsons and Ryu (2006) divided the quality aspects of m-learning systems to three major issues: 
technical aspects, content related aspects, and context aspects. They proposed two new design 
issues that affect quality of m-learning: (a) the user role and collaboration and (b) extending the 
quality in use, considering the context of use. They suggested three new metrics to measure the 
proposed issues: (1) metaphor, which bridges from abstract and elusive vision to a concrete and 
complex situation, (2) functions to support interactivity with other members and tutors, regardless 
of location, and (3) learning content, which highlights whether an m-learning system can provide 
content that is both optimized for mobile delivery and justifies delivery through the mobile chan-
nel. 

Quality Metrics for PDA-based M-learning Systems  
The definition of new metrics to quantify the quality of m-learning systems is based on Gafni’s 
(2008) methodology, which enables the definition of objective metrics, and consists of several 
phases:  
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(1) Detection of quality problems and risks that outcome from the architectures and pro-
tocols of mobile-wireless information systems (Asunmaa et al., 2002; Green, 2003; 
Huber, 2004; Tarasewich, 2003; Varshney & Vetter, 2002; Vaughan-Nichols, 2004).  

(2) Choice of ISO/IEC 9126 quality characteristics affected by mobility and wirelessness.  

(3) Identification of objects (clustered into four entities: device, application, architecture, 
and user), which were decomposed into measurable attributes (ISO/IEC 15939, 2002) 
and assigned a unit measure and a scale, according to its meaning (Kitchenham, Pfleeger, 
& Fenton 1995). 

(4) Definition of metrics, methods for the measuring process with specific formulas, 
(ISO/IEC 15939, 2002) to allow objective measurement of mobile-wireless information 
systems quality.  

(5) Metrics theoretical and empirical validation.  

The metrics defined are suitable especially for text-based m-learning systems, but they can be 
used with any kind of system, such as systems including video, audio, and other. Metrics to quan-
tify the quality of the usage of multimedia were not developed in this paper. These can be devel-
oped using the same methodology. 

Table 1 maps the defined and evaluated metrics for measuring the quality characteristics of a 
PDA-based m-learning system according to the different kind of problems which they measure.  

Following, some of these metrics are defined. 

For each metric defined, the expected output value was determined. In order to receive a concept 
of the total quality of the information system, there is a need to summarize the metrics results. 
Therefore, the expected values were defined in the range between 0 and 1, and in addition , the 
meaning of a higher result was consistently defined as a better quality. In some of the metrics this 
is the natural behavior. In others, there was a need to perform a transformation of the result. One 

possible transformation is to calculate
'

1
X

X = . Sometimes this transformation causes the results 

to be very small and concentrated in the lower band of the range. Another type of transformation 
can be done by defining a maximum acceptation value, which can be defined according to the 
specifications of the information system. In this case, the transformation will be in the form 

of
max

'max XX −
= . 
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Table 1 - PDA-based m-learning system  metrics mapped  
according to mobile-wireless problems 

Source of problems: Network Device Mobility 

Type of problem

 
Metrics 

N
ar

ro
w

 b
an

d 
C

on
ne

ct
io

n 
st

ab
ili

ty
 

Se
cu

rit
y 

D
iv

er
se

 st
an

da
rd

s 
H

ig
h 

co
st

s 
V

ar
ie

ty
 o

f d
ev

ic
es

 
Lo

w
 m

em
or

y 
Ti

ny
 sc

re
en

s 
Li

m
ite

d 
co

m
pu

ta
tio

na
l a

bi
lit

ie
s 

Sm
al

l k
ey

bo
ar

d 
Lo

ss
 a

nd
 in

fo
rm

at
io

n 
se

cu
rit

y 
U

se
r a

da
pt

ed
 in

fo
rm

at
io

n 
Se

cu
rit

y 
an

d 
pr

iv
ac

y 
D

is
tu

rb
an

ce
s a

nd
 d

is
co

nn
ec

tio
ns

 
U

se
rs

 tr
us

t 

Response time to get information from cache X  X  X  X  X     X X
Device memory cleanup after transaction       X         
Display load        X        
Messages conciseness X    X  X X        
Ease of input entering          X      
Ease of output use  X X X  X         X X
Ease of use - displays per task X X   X   X X     X X
Secure messages and information on device           X X X  X
Use of user profile X    X X      X    
Installations success      X          
Ease of installation      X          
 

Definition of “Response time to get  information from  cache” 
Metric 
Purpose of the metric: Measures the response time to get information stored in the device’s 
memory. The efficiency will be greater when the response time is smaller. 

Method of application: Operate same task number of times.  First, the data will be received from 
 server and stored in device’s memory.  Next, the data will be retrieved  locally. The time to get data 
as output is  measured, starting from second  iteration.  

Metric type: External 

Attributes measured: 
InRsTi - Input Response Time of message i 
TrPNum - Number of Transactions performed during test 
i – Serial number of message, from 1 to TrPNum 

Computation: 

TrPNum

InRsT
X

TrPNum

i
i∑

== 1'
 

where  1≥TrPNum  and 0>iInRsT for each i  
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Transformation: 

max
'max XX −

=   or  
'

1
X

X =  

Interpretation of measured value: The higher the better and the response time lower. 

Definition of “Device memory cleanup” Metric 
Purpose of the metric: Measures the degree of cleaned-up memory after completing a task. The 
small resources of memory in the devices have to be carefully handled. Any “garbage” left after 
completing a task may decrease any subsequent work performance because less free memory is 
available. 

Method of application: Check free memory size before and after performing task. Check num-
ber of times to see if size decreases. 

Metric type: External 

Attributes measured: 
MmETt – free memory size at end of task  i  
ApS – Application Size 
MmS – Memory Size 
TNum - Number of Tasks in System 
i – serial number of task, from 1 to TNum 

Computation: 

TNum
ApSMmS

MmET

X

TNum

t

t∑
= −

= 1 )(
 

where 0>− ApSMmS   
           1≥TNum  

Interpretation of measured value: The higher the better 

Definition of “Display load” Metric 
Purpose of the metric: Measures the burden degree of  the displays. Because of the  screen’s size, 
the  understandability is lower when  the display is overloaded.  

Method of application: Calculate the ratio between display size (information displayed) and 
screen size for each display in system. The ratios are categorized and given a score, in inverse 
relationship to the display size, thus smaller displays categories receive greater scores.  Then a 
weighted average is calculated. 

Metric type: Internal 

Attributes measured: 
ScrS – Device screen size 
PgS – Display size 
DisNum – Number of displays in the system 
i –serial number of display, from 1 to DisNum 
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Computation: 
Definition of categories and scores: 
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where 1≥DisNum , 1≥ScrS and DisSPgSi ≤  for all i. 
If the size of the display is greater than the size of device screen, the display will be partitioned 
according to the number of pages to be displayed, and the calculation will be performed for each 
one of these pages. 

Interpretation of measured value: The higher the better 

Definition of “Messages  conciseness” Metric 
Purpose of the metric: Measures the conciseness of  operational and error text messages.  This 
save place in memory and  the messages are easy to read  from screen.  

Method of application: Calculate ratio between message size  and maximum lines in screen. 
 Distribute ratios to inversed weighted  categories, and calculate weighted  average.  

Metric type: Internal 

Attributes measured:  
ActMNum - Number of Active Messages. 
ErrMNum - Number of Error Messages. 
OutL - Output Length (in lines) of message i. 
ScrL - Number of Lines in Screen  
i – serial number of message, from 1 to ActMNum+ ErrMNum 

Computation: 
Weight each message:  
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where 1≥+ ErrMNumActMNum ,  1≥ScrL  and 0>iOutL  for each i 

ErrMNumActMNum

X
X

ErrMNumActMNum

i

i

+
=

∑
+

=1

 
Interpretation of measured value: The higher the better 

Definition of “Ease of input  entering” Metric 
Purpose of the metric: Measures the ratio of easy to fill  input fields, like usage of default  values, 
list of values or self- completing fields.   

Method of application: Count number of closed input fields,  default value fields, and self-
 completing fields. Calculate ratio  between counted fields and total of  input fields.  

Metric type: Internal 

Attributes measured:  
FdClsNum - Number of Close Fields  
FdDefNum - Number of Fields with Default Values  
FdFillNum - Number of Fields with automatic or self- completing Filling 
FdNum – Total Number of input Fields 

Computation: 

FdNum
FdFillNumFdDefNumFdClsNumX   ++

=
 

where 1≥FdNum  

Interpretation of measured value: The higher the better. The input of data is simpler, and the 
risk of error in input is minimal. 

Definition of “Ease of output use” Metric 
Purpose of the metric: Measures the suitability between  length of outputs and device  screen 
size. 

 Method of application: Calculate average displays for  message. Count number of outputs 
 needing leafing by checking ratio  between number of lines in output  message and number of lines 
in  screen.  

Metric type: External 

Attributes measured: 
OutMNum - Number of Output Messages 
OutNumL - Number of Lines in Output Message i 
i – serial number of output message, from 1 to OutMNum 
ScrL - Number of Lines in Screen 

Computation: 
Average for all messages: 

OutMNum
ScrL

OutNumL

X

OutMNum

i

i∑
=

⎥⎥
⎤

⎢⎢
⎡

= 1'
 

where 1≥ScrL , 0>iOutNumL  for each i and 1≥OutMNum  
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Transformation: 

max
'max XX −

=    or      
'

1
X

X =  

Interpretation of measured value: The higher the better, because it needs fewer leafing through 
the screens and the operation is simpler. 

Definition of “Ease of use - displays  per task” Metric 
Purpose of the metric: Measures the number of screens involved in one task. The  effectiveness 
and usability is  greater when the system is easier  to operate.  

Method of application: Calculate number of iterations  between user and system till end of  task.  
Metric type: Internal 

Attributes measured: 
DisNum - Number of Displays 
TNum - Number of Tasks in System 

Computation: 

TNum
DisNumX =

 
where 1≥TNum , 1≥DisNum  and TNumDisNum ≥  

Transformation: 

max
'max XX −

=    or      
'

1
X

X =  

Interpretation of measured value: The higher the better, and the system is more attractive be-
cause it demands lower effort from user. 

Definition of “Secure messages and  information on  device” 
Metric 
Purpose of the metric:  Measures the usage degree of  security mechanisms, like  identification, 
authorization, and  confidentiality.  

Method of application:  Check if the system uses mechanisms  to secure information. Categorize 
the  degree of usage.  
Metric type: Internal 

Attributes measured: 
Id - Identification 
Authe - Authentication 
Cryp - Crypto 
Confid - Confidentiality 
Autho - Authorization  
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Computation: 
For each mechanism: 
 

1 – full 
0.6 – largely 

X =  0.3 – little 
0 – not at all 
N/A – not applicable 

 
Interpretation of measured value: The higher the better.  

Definition of “Use of user profile” Metric 
Purpose of the metric:    Measures the extent in which the  system relies on user profile to  fit the 
inputs and outputs to the  user and device.   

Method of application:   Check if the system uses mechanisms  to fit to user's profile. Categorize 
the  degree of usage.   
Metric type: Internal 

Attributes measured: 
Uprof - User Profile 

Computation: 
 

1 – full 
0.6 – largely 

X =  0.3 – little 
0 – not at all 
N/A – not applicable 

 
Interpretation of measured value: The higher the better, because the functions, the contents, 
and formats are adapted, automatically, according to user's profile.  

Definition of “Installations success” Metric 
Purpose of the metric: Measures the degree of  successful installation in the  different planned 
devices.  

Method of application: Calculate number of successful  installations according to devices  types 
and total installations.  
Metric type: External 

Attributes measured: 
DevTyNum - Number of Devices Types 
DevNum – Number of Devices of each type 
i – serial number of device, from 1 to DevNum 
j – serial number of device type, from 1 to DevTyNum 
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Computation:  
For each device, Zji indicates whether the installation succeeded or not:  

⎩
⎨
⎧

−
−

=
failure

success
Zji

0
1

 

Calculation for a specific device: 

DevNum

Z
Y

DevNum

i

ji

j

∑
== 1

 
where 1≥DevNum  
 
Calculation for all devices: 

DevTyNum

Y
X

DevTyNum

j
j∑

== 1

 
where 1≥DevTyNum  

Interpretation of measured value: When Y is higher the system can be installed in more types 
of devices, so Installability is of higher quality. 

When X is higher the degree of success of installations is higher, so Installability is superior. 

Definition of “Ease of installation” Metric 
Purpose of the metric: Measures the duration time and  ease of installation.  

Method of application: Calculate time of system installation  on devices.  

Metric type: External 

Attributes measured: 
DevTyNum - Number of Devices Types 
DevNum – Number of Devices of each type 
i – serial number of device type, from 1 to DevTyNum 
j – serial number of device, from 1 to DevNum 
InstTij - Installation Time in Device j of Type i 

Computation: 
Average installation time for devices of type i: 

i

DevNum

j

ij

i
DevNum

InstT
Y

i

∑
== 1

 
Total weighted average: 

DevTyNum

Y
X

DevTyNum

i

i∑
== 1'

 
where 1≥DevTyNum , 1≥iDevNum and 0>ijInstT  
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Transformation: 

max
'max XX −

=    or      
'

1
X

X =  

Interpretation of measured value: The higher the better. When X is greater the mean time to 
install the system is smaller, so the installation is easier and the system is of better quality. 

The “PDA” Experiment 
Each metric defined by the research was validated theoretically, mathematically, and empirically. 
The aim of the validation was to prove that the metrics behave in a consistent and logical mode 
(Zelkowitz & Wallace, 1997). Thus, it is possible to rely on them to quantify the quality of mo-
bile-wireless information systems, for example, by showing that the value of the metric grows 
when quality increases and vice versa.  

This research was part of a broader research, to define new quality metrics, in which different 
kind of mobile-wireless applications were inspected. Some of the metrics were validated empiri-
cally using other experiments or compared between different experiments. This paper focuses on 
the PDA application and the validation in the “PDA” experiment alone. 

The "PDA" experiment is based on a system developed by Dooblo, a commercial company. The 
experimental system contains a set of questionnaires, which allow conducting surveys, using a 

 

 
Figure 2 – Samples of “PDA” experiment displays 



Gafni 

373 

PDA device based on Windows Mobile CE operation system. The system contains five different 
surveys, "Supermarket", "Purchase", "Participation", “Movie" and "Flight". Each survey includes 
6-10 displays (samples in Figure 2). These questionnaires include different kinds of questions, 
such as open questions or selecting an answer from a number of possibilities, similar to perform-
ing quizzes in a PDA-based m-learning system. The questionnaires were loaded to the PDA de-
vice's memory in advance. The surveys were performed, accumulating the data on the device, and 
further downloaded to a server for elaboration.  

This is a realistic experiment, using real tasks and environment (Sjoberg et al., 2002), and the ob-
servation was done as a “black box”, with no possibility to see or interfere with the code of the 
system. Each survey was performed thirty times, and the data needed for the different metrics was 
collected. 

The theoretical proof and the empirical experiments, summarized in the Appendix, successfully 
validated the new metrics defined in the research.  

Practical Implications 
Some practical implications can be deducted from this research, including technical, implementa-
tion, and content issues, to assist the developers of PDA-based m-learning systems.  

The technical developers must be conscious of the different kinds of devices which will be used, 
including differences in memory size, screen size, and attributes, to design an application suitable 
to all. This can be accomplished by using user profiles mechanisms. Applications must be aware 
of the small memory and low processing resources restrictions and optimize their utilization. 

The content developers must be aware of the restrictions in size and usability, limiting input to 
minimal required data, determining pre-defined options and automatic filled-in fields, using loca-
tion aware information when possible, instead of user’s input. They need to consider output 
length, by defining concise messages and adapting the content of the application to screen size, 
taking into consideration that the operation of leafing through multiple pages in a mobile device 
decreases the usability.  

Restrictions and Future Enhancements 
The purpose of the "PDA" experiment was to validate the definition of the metrics, and this is the 
reason the small sample was enough. The experiment can be enhanced with an extended sample. 
In this experiment, only one text-based PDA application was examined, in one kind of device. 
The experiment can be broadened by enlarging the number of kinds of devices and the number 
and types of applications. Moreover, it can be performed again, with a real m-learning informa-
tion system, instead of the survey system. 

Summary 
This article describes a methodology to enable quality measuring of m-learning systems that al-
low interactive learning “any place, any time” using PDA devices. PDA-based m-learning sys-
tems are a sub-field of mobile-wireless information systems, which face unique problems and 
challenges that affect quality attributes. These attributes were analyzed and accurate metrics were 
defined. These metrics enable objective quality evaluation and comparison of mobile-wireless 
information systems.  

These metrics are useful when the quality of a mobile-wireless information system must be ana-
lyzed and quantified, for example, when comparing two proposed systems or when a system has 
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to be developed or bought. When the metrics are used to compare systems, the higher the metric 
value, the higher the system’s quality. However, when only one system has to be measured, the 
metrics need an external value to compare to. These values can be defined in advance according 
to the requirements of the system. Moreover, practical implications for the development of PDA-
based m-learning systems were defined based on insights gained from the metrics definition and 
methodology. 
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Appendix – Metrics Validations 
Table 2 summarizes the validation of the new defined metrics.  

Table 2 – Results of Metric Validations in PDA Experiment  

Metric Name Result of validation 

Response time to get informa-
tion from cache 

For displays with longer response time a lower value was re-
ceived for the metric. 

Device memory cleanup after 
transaction 

In the cases where the memory was better cleaned after com-
pleting the task, the metric value was higher, as shown in Figure 
3. 

Display load For less loaded displays the metric value received was higher, 
i.e., the displays of the “Flight” survey which are the less 
loaded, got a metric value of 1, the highest possible. (Figure 4). 

Messages conciseness Surveys, in which the messages were shorter in proportion with 
display, got a higher metric value. (Figure 5) 

Ease of input entering For surveys where the ratio of “closed” questions was higher, 
the value received was higher, as shown in Figure 6. 

Ease of output use  When the number of leafing needed to see all the output is 
greater, the value of the metric received was smaller. 

Ease of use - displays per task When the number of iterations needed to finish a task is greater, 
the value of the metric received was smaller.(Figure 7) 

Secure messages and informa-
tion on device 

This metric was validated through other experiments. 

Use of user profile This metric was validated through other experiments. 

Installations success This metric was validated through other experiments. 

Ease of installation This metric was validated through other experiments. 
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Figure 3 – Validation of “Memory Cleanup” metric in “PDA” experiment 



Gafni 

377 

 

 

 

 

101 - PDA

0.86 0.88 0.89 0.90 0.91
1.00

0.00
0.20
0.40
0.60
0.80
1.00

su
pe

rm
ark

et

pu
rch

as
e

pa
rtic

ipa
tio

n
mov

ie all
flig

ht

m
et

ric
 v

al
ue

 

Figure 4– Validation of “Display load” metric in “PDA” experiment 
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Figure 5 – Validation of “Messages conciseness” metric in “PDA” experiment
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Figure 6 – Validation “Ease of input entering” metric in “PDA” experiment 
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Figure 7 – Validation “Ease of use - displays per task ” metric in “PDA” experiment 
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