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Abstract. Recently, with the development of electronic technology, information 
technology (IT) devices that satisfy user requirements, such as PMP (Portable 
Multimedia Player), PDA (Personal Data Assistant), UMPC (Ultra Mobile Per-
sonal Computer) and mobile phones have been developed. These devices are 
making wireless communication and network communication more accessible, 
and by the ubiquitous paradigm, provide accessibility of information every-
where. The appearance of these devices and the development of the technology 
are integrating and converging in the IT devices. Therefore, there are significant 
changes in the purpose and environment of IT device applications. This is due 
to the modification of the environment in which the device is used (not only in a 
passive state but also in a motional state), which has a greater influence on us-
ability. Therefore, a new methodology is required to evaluate the usability of 
the devices. In previous studies, by gathering and integrating the usability fac-
tors and ubiquitous characteristics, the Ubiquitous Evaluation Factor was ob-
tained. For each factor of ubiquitous devices, deconstruction was accomplished 
for each usability evaluation. Through this process, components of ubiquitous 
devices could be extracted. Evaluation scores of ubiquitous device components 
and the score of the evaluation of each usability factor could be obtained from 
the usability evaluation. This evaluation framework was developed as a Web-
based system to let the users perform the usability evaluation without having 
trouble with the location.  This system was developed in Windows Server 2003 
Enterprise Edition platform. Web Server IIS (Internet Information Server) 6.0 
was used, and MS-SQL 2000 was used for the database server. For develop-
ment of language, ASP (Active Server Page) was used, which is run in IIS. This 
study is meaningful in that through a Web-based system, various people could 
easily access the device, and in that evaluation of a portion of the device as well 
as the entire device is possible. 

Keywords: Ubiquitous computing device, usability, web-based system, system 
development. 

1   Introduction 

The development and improvement of electronic and related technology, as well as 
diverse IT devices are being introduced. The appearance of Mobile devices such as 
PDA (Personal Digital Assistant), PMP (Portable Multimedia Player), UMPC (Ultra 
Mobile Personal Computer) and mobile phones is making wireless communication 
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more accessible and providing the possibility of having access to information every-
where[1]. Therefore, the development of these IT devices and the improvement upon 
technology together requires integration and convergence [2]. 

The environments where the IT devices are being used and the purposes for their 
utilization are changing. For instance, IT devices are not only used in the passive 
state, but also in a state of motion, which influences the usability of the device. The 
distinguishing characteristic of ubiquitous computing is that it is a communication 
system [3] that allows the users to obtain the required information in any place. 
Therefore, previous usability evaluation tools need to be improved, taking into con-
sideration new user environments and ubiquitous computing [1].  

From previous studies, we selected and integrated the usability factors and ubiqui-
tous characteristic factors, developing new Ubiquitous Evaluation Factors. Each part 
of the ubiquitous device usability evaluation was deconstructed so the separate com-
ponents of the ubiquitous device could be obtained. Through the usability evaluation, 
the evaluation score and each usability factor evaluation score of a ubiquitous device 
component can be obtained. In this study, an evaluation framework was developed as 
a Web-based system, allowing users to perform a usability evaluation anywhere. 

2   Background 

2.1   Ubiquitous Computing Device 

Ubiquitous computing technology development and mobile information device conver-
gence development provide information to the user everywhere at every moment with 
any device. The basis of ubiquitous computing is to provide service at the request of a 
user and to grasp the intention of a user and situation. This results in one service system 
actively supporting another; that is to say the ubiquitous computing service. A ubiqui-
tous computing device is a device for the ubiquitous service that allows a user to interact 
with the service anywhere at any time. Also, it grasps the intention of the user and situa-
tion to support the user. Ubiquitous devices function in a state where people do not real-
ize that we acquire information about embedded, pervasive, portability and mobility 
functions; that is, to realize the ubiquitous environment [5]. 

Table 1. Characteristics of ubiquitous device 

Researcher Characteristics of ubiquitous device 
M.Weiser Pervasiveness 
M.Weiser Ubiquity 

Burnet & Rainsford Diversification 
Kwon et al. Poratbility 

uKoreaForum, 2006 Interconnectivity 

2.2   Previous Ubiquitous Computing Research 

By understanding the ubiquitous computing user’s intention and utilizing the user’s envi
ronmental characteristics, it was possible to reflect the interaction with the user [4]. Ther
efore, it is possible to say that the Context-Aware Computing is similar to the condition 
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of the user; especially when it was focused on context-of-use of the mobile devices. Thu
s, the Context-Aware Computing [6] model and the ubiquitous computing model are si
milar in many ways, especially when focused on the context-of-use of mobile devices. 

Consequently, it is possible to say that the Context-Aware Computing model and 
the ubiquitous computing model have many similar points [8,9]. 

J. Scholtz and S. Consolvo [10] have presented a framework (UEA, Ubiquitous 
computing Evaluation Area) to evaluate the ubiquitous computing application. The 
evaluation domains for the ubiquitous computing were: attention, conceptual model, 
appeal with each conceptual measure and metric.  

In relation to Context-Aware Computing, Nigel and Miles [11] had presented the 
idea that to confidentially calculate the usability, it is necessary to evaluate the repre-
sentative environment, user and task. Thus, it is essential to have a deep understand-
ing of the context of use of the product. 

2.3   Limitation 

J. Scholtz [10] defined things that are important to take into account in ubiquitous 
computing as “area,” and then categorize them to experiment with a systematic analy-
sis to present a conceptual measurement variable. However, this had a major focus on 
the ubiquitous service; it did not focus on the device usability evaluation, so there was 
insufficient consideration of the user’s task. Taken from Nigel’s study[12,13], in most 
of the context-aware computing studies, only information on the diverse types of con-
text is presented, lacking a concrete connection with usability principles. 

3   Framework 

The Ubiquitous device’s usability evaluation framework was established from previ-
ous studies [14].  

New suggestions on usability evaluation were proposed after a modification on the 
context deconstruction. Figure 1 shows how the main user and main task were se-
lected by having the user information of the device. In this way, a specification of the 
device context information was achieved, which later will be used in an evaluation 
checklist. Consideration of each device characteristic makes further ubiquitous device 
usability evaluations possible. 
 

 

Fig. 1. Evaluation Framework 
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Fig. 2. Generating Evaluation Factors 

3.1   Evaluation Factors 

Figure 2 shows the extractions made in the usability factors for the evaluation frame-
work of the ubiquitous computing environment property. In previous studies, the  
basic properties for usability evaluation were: efficiency, effectiveness and satisfac-
tion – that is to say ‘General Evaluation Factors.’ The General Evaluation Factors are 
considered suitable for general device evaluation, but are not specified for ubiquitous 
computing devices. Proposing factors for a ubiquitous device demands creation of 
pervasive computing quality and ubiquitous computing quality tool.  

Table 2. Ubiquitous Device Evaluation Factors 

Factor Description 
Adaptability Adaptable or easily adjusted to the changes in context 

Controllability Able to control device in any circumstances 

Interconnectivity 
Interconnected network among devices, allowing sharing of 
information 

Mobility 
The station of the device can be mobile as the user carries it 
with him 

Predictability 
From past experience, the result of the system execution can 
be predicted 

Simplicity User interface and instruction are simple 

Transparency 
Provides the current status of system as well as when it is 
running an execution 

Table 2 shows some comparative computing of related studies that were used for 
ubiquitous service or ubiquitous software studies: Adaptability, Controllability, Inter-
connectivity, Mobility, Predictability, Simplicity and Transparency. This is an as-
sortment and integration of ubiquitous device related factors. 

Usability evaluation factors of devices are organized as: (visual) Clarity, Accessi-
bility, Affect, Compatibility, Consistency, Effectiveness, Efficiency, Error prevention, 
Feedback, Forgiveness, Helpless, Learnability, Memorability, Multi-threading, Re-
sponsiveness, Safety and User tailorability. 

3.2   Evaluation Area 

Figure 3 shows an elementary device deconstruction for a device evaluation. It im-
plements the usability evaluation on each device so as to obtain the degree of usability 
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(high or low) that each factor has. The developed factors can be applied to evaluate 
each device components: LUI (Logical User Interface), GUI (Graphical User Inter-
face), and PUI (Physical User Interface), respectively. The device component can be 
individually evaluated by making a separation. 

 

Fig. 3. Evaluation area 

LUI is divided into: Application software, Menu structure and Contents, System 
Awareness and System Acceptance. GUI is divided into Indicator, Icon and Menu. In 
H/W Area, Device H/W is separated in Body and Screen while PUI is separated into 
Control key and Touch screen. In the case of Touch screen, it is necessary to sepa-
rately subdivide by input methods, and when evaluating it is risky to use different fac-
tors and checklists as standard controllers. Consequently, when evaluating devices 
with a touch screen, PUI of the touch screen is performed. If there is no touch screen, 
that evaluation factor is not taken into account. 

3.3   Context of Use 

Figure1 shows the context of information that is solidified as: user type, device type, 
task type and use type. Use type is information about the environment and condition 
(situation) in which the user is using the device. Each context information framework 
has significance on the evaluation target, information access and entertainment 
systems. User type is divided into novice and expert, while device type is divided into 
PMP, Music Player, PDA, UMPC, Smartphone and Game Device. Through the expert 
evaluation, depending on different contexts, each evaluation factor and checklist was 
evaluated, giving the results of a usability evaluation with relative importance. Each 
evaluation factor has its own weight, which changes the importance of each checklist, 
depending on the device and context information. 

4   System Development 

4.1   System Structure 

In this study, the system was developed as a Web-based system to let the users per-
form an evaluation without having trouble with location. This system is composed for 
a client and a Web server or database server. 

The client indicates work to the Web server through browsers connected to the 
Internet after accessing the Web. The Web server then sends a Web page to the client 
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and provides data that the client requires of the database server. The database server is 
able to query the user regarding the data that the user wants from the Web server, and 
carries out the work, finally returning the results to the Web server. 

In Figure 4, the system was developed using Windows Server 2003 Enterprise Edi-
tion, IIS (Internet Information Server 6.0) Web Server and MS-SQL 2000 Database 
Server. ASP (Active Server Page) was used for developing language. 

 

Fig. 4. System structure 

4.2   Evaluation Procedure 

The first step shows a Web page where information of each context type has to be in-
putted. The information about the context type that was saved in the database is re-
called, then shown. In this step, the desired device to be evaluated is selected, and the 
user to be evaluated is identified as a novice or expert of the device in User Type. In 
Device Type, a selection is made between PMP Type, MP3 Type and PDA Type. 
Task type is divided into: video player, music player, information reading and game 
recognition. Use type depends on the wearable shape and portable form. After that, 
there is a step to input all the data in the form of a questionnaire. It gives a description 
of each context type so the user can understand easily, and it also gives an option of 
‘not considering’ for the context types that the user does not wish to evaluate. 

In the second step, after having selected the information for the context, the infor-
mation about the user is inputted in the server session and a Web page appears show-
ing the different evaluation areas that can be selected to continue. This action recalls 
the information that is saved in the database and displays it. To allow more than one 
selection of the area the user wisher to evaluate, the options are selected by checking 
a box. Moreover, to support the user’s need of knowing more about the area to be 
evaluated, a description of each area is provided.  

In the third step, the information about the area that is going to be evaluated is 
saved in the server session and is shown in the corresponding checklist of each area in 
the database. In the upper part of the page where the checklist was selected, informa-
tion about the area that is being evaluated is displayed. Each area is displayed on a 
different page to reduce and avoid confusion and disorder.  

In the last step, the user’s selection of the checklist, the information of the context 
type that was saved in the sever session in previous steps, and the information of the 
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evaluation area are saved. From the data that was saved about a determined device, it 
is possible to obtain the average evaluation score. After being saved in the database, 
the visible result is shown in a page with an eight-column graph. The results from the 
evaluation of ubiquitous characteristics are shown in a graph that indicates the score 
of each ubiquitous factor. The results from the evaluation of general characteristics 
are also shown in a graph. Moreover, by providing a graph for each factor with a 
score over 100, we can see insufficient areas more clearly. Also, the result of the de-
vice evaluation area (LUI, GUI, PUI, Device H/W) of each of them is represented in a 
graph with a score over 100 so as to show the areas that have to be improved. 

 

 

Fig. 5. Evaluation system 

5   Conclusion and Further Study 

This study developed a Web-based system of a framework to evaluate the usability of 
ubiquitous computing devices. There are three important aspects.  

First, through the development of a Web-based system, the user can evaluate eve-
rywhere where the Internet is accessible. Also, it is more comfortable, as it allows the 
user to see the results in a moment.  

Secondly, the user is able to select the area that he desires to evaluate. A complete 
or part evaluation of the selected areas is possible. 

Thirdly, as this system uses a database, the evaluated data can be saved. Through 
this saved data, it is possible to see an average of all the other data of previous and 
other evaluations.  

However, this system has only been implemented for a small number of devices, and 
not in every type of device. Therefore, in further studies it is necessary to increase the 
validity of the system by performing an evaluation of a more diverse range of devices. 
Then, after obtaining the validity of the system, it will be possible to make updates. 
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