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Abstract. This paper reports the results of a study to evaluate accessibility and 
usability of services developed by the MAIS Designer, a new design tool that 
provides services suited to different mobile devices. The discussion is aimed at 
highlighting the methodology adopted, which is tailored to characteristics of 
mobile computing and the relative results obtained. 

1   Introduction 

One of the challenges in the application of new or innovative technologies is that its 
users may try to employ it in situations or ways that the designers and developers had 
never thought of. This is no less true in mobile computing.  

The user’s physical, visual and cognitive involvement/resources are likely to be-
come constrained while s/he may perform tasks on the device in unpredictable and 
opportunistic ways. Furthermore, the variability of the environment/natural setting 
may affect the course of a task. In fact, mobile systems pose limits and offer new 
opportunities as compared to desktop appliances.  

The present paper illustrates the method used to test the accessibility and usability 
of services developed by a new design tool (MAIS Designer), which is capable of 
implementing services adapted to various mobile devices from an abstract description 
of the service itself. 

2   Challenges and Considerations of Design and Evaluation in 
Mobile Computing 

The Model Human Processor model [1] has been a benchmark for a large amount of 
work in HCI. However, since the role and domain of devices have widened, the 
relationship between internal cognition and the outside world have been considered 
[2].  
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Three main models of cognition have been explored for their possible application 
in mobile computing: an activity theory model, a situated action model, and a 
distributed cognition model [3]. It is also worthwhile acknowledging the 
appropriateness of participatory design methods and observations of user activities in 
authentic everyday settings, in innovative areas such as ubiquitous computing [4, 5]. 

Conventional user-centered methods could be appropriately exploited in the 
development process of mobile applications. On the same note, some of the 
traditional usability evaluation techniques might become useful if they were adapted 
for mobile computing. For instance, several efforts are being made towards the 
realization of usability principles and heuristics for the design and evaluation of 
ubiquitous environments/systems: e.g., ambient heuristics [6] and groupware 
heuristics [7]. Nevertheless it would be interesting to investigate methods that go 
beyond the traditional task-centric approaches [8]. 

In this era of ubiquitous computing, the pressing need to take into account the real-
world context is crucial, and evaluation methods have found it challenging, to 
adequately, if not completely, integrate the entire context during the evaluation 
process.  

There are various possibilities for addressing the challenge. One option is the 
employment of techniques from other fields that can gain a richer understanding like 
ethnography, cultural probes, and contextual inquiry [2, 3]. Another possibility is to 
use the 'Wizard-of-Oz' technique, or other simulation techniques such as virtual 
reality. Methods of this type are appropriate where the mobile application is not 
complete.  

3   The MAIS Designer 

The MAIS Designer is a system for both generating and designing abstract services 
whose user interface is tailored so as to be appropriate for the destination device 
and/or channel (e.g., cell-phone, PDA, laptop, etc.) [9]. The architecture of the system 
consists of two main components: the Service Editor and the Interface Generator. The 
former permits to define user interaction graphically by exploiting an adapted version 
of the UML Activity Diagram; the latter generates the final interface in accordance 
with the device and user characteristics. Adaptation of the UML Activity Diagram 
mainly consists of foreseeing a predefined set of activities implemented through a set 
of Atomic Interaction Units (AIUs). An AIU represents a basic step in user 
interaction, and is modelled in terms of the data exchanged between the user and the 
system. 

Once the service has been modelled, the Interface Generator produces a set of html 
pages optimized for the specific device. In this phase, several heuristics are adopted to 
produce a new diagram suitable for the device. A series of user interface complexity 
metrics are used to estimate the feasibility of the service implementation on the 
chosen device. Last, the system generates a real interface for the connected device. 
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4   Global Evaluation Methodology 

The overall methodology used in evaluating the MAIS Designer has been split into 
two phases: the first one concerns the accessibility of the services produced by the 
new developing tools. The accessibility evaluation was conducted at an early stage in 
the implementation, so as to direct any further development in the right way.  

The second phase concerns the usability of the services produced by an advanced 
prototype, in order to determine a final investigation into the possibility of producing 
accessible and usable services for mobile delivery. The accessibility and usability 
evaluations were performed using different methodologies: the first one was based 
on an elaboration of WAI guidelines to fit mobile systems specificity, while the 
second one was based on a set of newly proposed usability heuristics for mobile 
computing. 

4.1   Accessibility Guidelines 

In ensuring and assessing accessibility in the presented work, WAI guidelines were 
taken into account as the main reference. As described in [9] WAI guidelines for 
content [10], authoring tools [11] and user agents [12] were taken into account within 
the perspective of mobile characteristics. 

4.2   Proposed Usability Heuristics for Mobile Computing 

From the activities carried out during the MAIS project, eight usability heuristics for 
mobile computing, adopted for the usability evaluation reported later on, were 
realized: 

1. Visibility of system status and losability/findability of the mobile device 
2. Match between system and the real world 
3. Consistency and mapping 
4. Good Ergonomics and minimalist design 
5. Ease of input, screen readability and glanceability 
6. Flexibility, efficiency of use and personalization 
7. Aesthetic, privacy and social conventions 
8. Realistic error management 

5   Accessibility Evaluation 

The accessibility evaluation was aimed at assessing the accessibility features of 
simple services developed by means of the MAIS Designer. It is worth pointing out 
that the version of the MAIS Designer that we used in order to develop the services 
had been refined and/or improved on the basis of a previous evaluation, in order to 
realize a subsequent development step. 
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5.1   Methodology 

Two main types of studies comprised the accessibility evaluation reported: an expert-
based evaluation and a user-based evaluation, which was limited to a specific user 
group composed of blind and visually-impaired persons. Both studies employed the 
WAI guidelines mentioned in § 4.1 as heuristics cues to direct the investigation. 

User Study. Four users with the following characteristics performed the test: they 
had a rather high level of education and were expert computer users with some 
knowledge of mobile devices. They were visually impaired ranging from mild to 
severe reduction of their sight, so that they were able to perform test by means of 
either screen magnifier or screen reader or directly operating on the mobile device. 

The sample service was a simplified implementation of a booking service. The 
actual implementation was rather simple, due to the inherent limitations of the MAIS 
Designer in its updated but not final version.  

The users were encouraged to use the service to plan a vacation using three 
different versions, corresponding to Notebook Generic (screen size 800 x 600), iPaq 
3660 (screen size 240 x 320) and a basic cell-phone, (screen size 128 x 160). 

The exploration took into account the type of devices (desktop PC, palm-top 
Compaq iPAQ 3760, cell-phones) and the typologies of disabilities (visual 
impairment and blindness). Since a screen reader was not available both for PDAs 
and for mobile phones, the evaluation was conducted using emulators hosted by a 
desktop PC. Only one user was able to conduct the test using a real PDA (Compaq 
iPAQ Pocket PC). 

The user-based evaluation was conducted by means of a semi-structured, 
individual interview with disabled users (from the target user group) in front of the 
sample service produced by the MAIS Designer. The interviews were carried out by 
two experts in accessibility, who acted as moderators asking her/him to identify 
possible accessibility issues involved in their use in mobile contexts, and by 
discussing potential solutions. 

After the interview was completed, the study moderator added comments on the 
services provided by the prototype and on the improvements suggested, assessing 
their compliance with the accessibility guidelines, in the view of mobile applications. 

Expert-based Study. The two experts who performed the study are both e-
accessibility experts and have a good knowledge of mobile devices. One of the 
experts is blind, and accesses to the PC by means of the JAWS 5.0 screen reader with 
synthetic speech output; the other is sighted. 

The experts followed the same scenarios as the users, and performed the same task 
using the same technical set-up, so that the corresponding descriptions of the previous 
section are to be considered still valid. Both users have extensive experience in 
assessing the accessibility of systems and services, and their thorough knowledge of 
accessibility guidelines directed the evaluation of the sample service. 

5.2   Results 

Eight problems concerning device or assistive technology misbehaviour have been 
found, but were considered to be of no interest in this context. 
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Table 1. The relevant problems found by the user study 

1. On the very first page, where the user chose the service and the device, the combo boxes are
not tied to the corresponding label 

2. The labels in the form were not read when the cursor was moved inside a text box, causing
difficulties in orientation 

3. The radio buttons were not enlarged with text, so that they were difficult to use, especially
using the table to perform the choice between the proposed vacations 

4. On the first page of the service, the selection box should be more distant from surrounding 
objects in order to be more visible when using the screen magnifier 

5. Text contained in the table was too narrow to be easily understood. The possibility of
increasing the space between cells needs to be taken into account 

6. The colour combination of links and background should be more contrasted, in order to
facilitate their identification 

7. The fragmentation made the text difficult to enjoy and was boring, even if necessary when a 
device did not support the scrolling 

8. Showing the table a couple of cells a time is redundant. It’s simpler to linearize the table 
instead of having the table broken down into so many small pieces 

9. The textual description, in place of the photo considered not displayable, seemed to be
useless and rather confusing, as it lacked any hints about what it stands for. On the other
hand, the description in a page by itself did not cause any problems 

10. In one case, when a page was divided in more screenshot to fit to small screen, the form was
displayed in the wrong order i.e. before of the explanatory text 

Table 2. The relevant problems found by the expert user study 

11. Radio buttons, used in the table for selecting the vacation, were not well rendered by the
screen reader, so that it was difficult to know which row was selected 

12. The table did not contain the tag needed to guarantee accessibility. Even if the table was
rather simple, the lack of the appropriate tags could easily generate accessibility problems 

13. In exploring the registration form, the text displayed at the side of the text box was vocalised 
together with the labels, and the labels were not read when the cursor was inside a text box,
causing difficulties in orientation and loss of effectiveness in the use of the form 

14. The text presented in the fragmented form was cut in a rough way, making it difficult to 
understand the meaning of the text. 

15. The widely-used symbols to go from one fragment to the other (“<<” “>>”) did not seem
intuitive for visually-impaired people. Moreover, to navigate through the fragments of the 
table the words “up” and “down” were used: a better homogeny would be preferable 

16. In the screenshot concerning the choice of a credit card, it is not explained what is required.
Even if the task may seem intuitive, a short explanation would avoid disorientation 

17. The “Cancel” button did not seem to have any evident effect in the choice of the credit card,
while it was lacking in the registration form where it could be useful 

18. Since the registration form was presented one field at a time, it would have been better to 
show the button “OK” only after the last field. The “OK” button shown after every fragment
of the form caused misunderstanding, leading to sending the form before its completion. 

19. Sometimes the order in which the pieces of a page were presented was wrong, as when 
presenting the registration form prior to a description of the chosen vacation. 

20. The choice to cut the photo seems too severe, and the choice of putting the alternative text in
a separate screenshot was not understood well. Furthermore, the afore-mentioned choice 
made the navigation more complex. 



280 L. Burzagli et al. 

5.3   Analysis 

The test produced interesting results, even if the service was simple. The main result 
to be emphasized is the substantial accessibility level, even if several negative 
comments have been reported by users and experts. Notwithstanding the 
aforementioned glitches, the service was found to be fully accessible in all the 
configurations tested.  

The comments reported can be divided into four categories, in accordance with 
their origin: inaccurate tagging and lack of style, unsuitable choice, inaccurate 
implementation, wrong implementation, shown in the following table: 

Table 3. Problems sorted according to the relative category 

Inaccurate tagging and lack of style 1, 2, 4, 5, 6, 12, 13 
Unsuitable choice 3, 9, 11, 15, 16, 20 
Inaccurate implementation 7, 8, 14, 18 
Wrong implementation 10, 17, 19 

As can be seen from the table 3, inadequate attention has evidently been given to 
the correct use of accessibility tags and XHTML tags, in addition to a lack of style, 
which lead to important accessibility flaws such as the impossibility of correctly 
understanding the meaning of the fields in the forms. 

Another important group of accessibility problems seems to arise from unsuitable 
choices made, such as the use of radio buttons to indicate a selected item, which leads 
to many problems related both to the users and to the assistive technology. 

Inaccurate implementation seems responsible for only four problems, mainly 
connected to the text fragmentation, which is approached in a rather crude way. 

Lastly, three errors emerged in which the order of the screenshot was wrong or the 
buttons did not function at all. 

A final consideration concerns the distribution of reported problems between user 
study and expert base study: the users were chiefly able to highlight tagging and style 
bugs, while a minority of the other problems arose from other categories. This derived 
from their unusual role as evaluators: even if instructed in their role, they preferred to 
adapt their behaviour to functions of the service, as they are used to doing, rather than 
highlighting inappropriate behaviour. 

6   Usability Evaluation 

The usability evaluation was aimed at assessing features of sample services developed 
by means of a more refined version of the MAIS Designer, in order to discover the 
final directions for developing it.  
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6.1   Methodology 

The usability evaluation was conducted by following the heuristic-based evaluation 
methodology for mobile computing that is summarized in the sequel in terms of the 
various parameters that constitute the methodology. 

Participants and materials. The experiment involved three usability experts, as 
participants/evaluators, who carried out a heuristic evaluation on a mobile application 
for booking a journey to Florence. The application has been developed using MAIS 
Designer [9]. 

It has been used a Nokia Communicator 9500 with the following specifications: 18 
MB memory, resolution of colour display 640x480, vertical and horizontal scroll, full 
keyboard. The application was installed on a wireless connected laptop which acted as 
the server. 

We also prepared and provided the following materials for the participants: 
informed consent form, demographics questionnaire, post-evaluation form for 
participant's comments, a set of mobile usability heuristics, Nielsen's five-point 
Severity Ranking Scale (SRS) [13]. 

Procedure. Pre-evaluation: after greeting each evaluator, the goals of the study, the 
testing procedures, and the confidentiality issues were explained in detail by means of 
an Informed Consent form. Scripts, which were prepared in advance, were used for 
each usability evaluator so as to ensure consistency in both experts and conditions. In 
a demographics questionnaire, experts were asked about their level of 
education/academic status, relevant experience with both HCI and mobile computing, 
experience using mobile devices, and experience in using Nielsen’s heuristic 
evaluation method.  

A training session was conducted with each evaluator, to ensure that s/he fully 
understood the mobile heuristics with which the evaluators were not familiar. This 
involved the facilitator’s stepping through each of the usability heuristics and inviting 
the evaluators to ask questions in order to clarify the meaning and their under-
standing of each heuristic. 

Evaluation: the three usability experts performed the usability evaluation on the 
mobile application by identifying usability problems and prioritizing these according 
to Nielsen’s five-point Severity Ranking Scale (SRS). [13] 

Post-evaluation: a short debriefing, , focused on the evaluators’ experiences when 
they were interacting with the application, was held after each evaluation session. 

6.2   Results 

All three participants had a high level of education and were well experienced in 
using mobile devices. The participants had average experience in the fields of HCI 
and mobile computing. Their experience in using heuristic evaluation was well 
distributed across three levels. 
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Problems identified. Most of the problems observed were of medium severity, 
although a significant number of catastrophic problems were found. 

Table 4. Catastrophic problems (SRS 4) 

1. Loss of data: For instance: the user loses data/details about him-/herself when he/she 
chooses to go back using “Esc”: the application should retain at least the previous settings 
as default 

2. Some operations can be performed incorrectly without receiving error messages: e.g.
entering personal details, completing the order without entering details (including the visa
screen). Rather than receiving error messages, success messages sometimes appear 

3. The user interface does not provide a place to enter all crucial details for users who would
like to place an order 

4. The interface for adding an audio file seems not to function correctly. Maybe it is not fully 
implemented 

Table 5. Major problems (SRS 3) 

5. Navigation problems, especially when the user wants to go back one page/screen back or to
change the search. Usually, the user is forced to go back to the page of the initial settings  

6. There are places which are supposed to provide image or video description, but there is 
nothing behind them 

7. The user interface is rather inconsistent. For instance, by selecting “Esc” from (my) personal
details, one may get the screen of “Firenze dell’arte” with the image-description which was 
not there at first. Moreover, while setting the device, there is a menu that pops up on the
right-hand side; however, it is not available across other choices or all screens 

8. It is not clear what the unique/distinct effects are of “Esc” or “Abort” or “Cancel”: for
instance, cancelling the current page/screen or the current service, etc. (e.g. in selecting a
credit card type). The user would have to click and then see what happens 

9. The supported service(s) offers very limited/constrained options. For instance, users might
want the freedom to be able to select several options and to receive information about them
together (without the need to select > ok > view > esc > select > ok > view >), etc. 

10. The user cannot set the type of font 
11. It is not easy to understand which modality to use to interact with the interface for adding an 

audio file (i.e. it seems that only the device buttons can be used) 
12. The pages are too long (when vertical scrolling is not restricted) or there are too many 

screens (when vertical scrolling is restricted). Both of these problems could be reduced, e.g.
by summarizing the contents 

6.3   Analysis 

From Table 7, it can be observed that problems 5, 1.6, 7 and 8 have both a high 
severity ranking and numerous mentions from the experts. In similar manner, 
problems 14 to 20 have both a low severity ranking and a small number of 
mentions from the experts. In considering the usability problems identified by the 
experts, we have the impression that problem 5, 1, 6, 7, 8 should have higher 
priority. 
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Table 6. Minor problems (SRS 2) 

13. The font is tiny, e.g. in the opening screen. 
14. In the “home” screen where the device has to be selected, there is no way of knowing that

there is an “Ok” button, which is accessible by scrolling down. Perhaps buttons should be 
provided on the right of every screen. 

15. The words “path-image” in the title of the table can be misinterpreted/misleading. For
instance, users might assume that they can click on the picture to see more. 

16. Some of the screens potentially offer multiple ways of accomplishing the same operation.
E.g. users might assume that they can press on the text of the radio buttons (rather than just
having to select a radio button and clicking “Ok”) to cause the operation to be performed. 

17. The “Home” command takes the user to the page for setting the de-vice/interaction 
parameters, which does not really look like a homepage.  

18. Some of the texts/sentences are very long: e.g. the screen after the settings screen, i.e. the 
second screen (above the image of Florence). 

19. In the process of setting (the device, user & display), the meaning of “user” type is not clear. 
20. The user is not shielded from making mistakes (e.g. inexact entries are allowed when

indicating the number of persons. Using listbox/combobox might help). 

Table 7. Problems sorted in accordance with their severity and in relation to the number of 
mentions from the experts 

Problem 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
Mean severity of the 
problem 

4 4 4 4 3 3 3 3 3 3 3 3 2 2 2 2 2 2 2 2 

Number of experts who 
mentioned the problem 

2 1 1 1 3 2 2 2 1 1 1 1 2 1 1 1 1 1 1 1 

The other heuristics that follow in terms of violation are heuristic 5 (7 violations): 
“Ease of input, screen readability and glanceability” and then heuristic 6 (5 
violations): “Flexibility, efficiency of use and personalization”. According to [14], 
heuristic 5 is described as follows: “Mobile systems should provide easy ways to 
input data, possibly reducing or avoiding the need for the user to use both hands. 
Screen content should be easy to read and navigate through notwithstanding different 
light conditions. Ideally, the mobile user should be able to quickly get the crucial 
information from the system by glancing at it”, whereas heuristic 6 is described as 
follows: “Al-low mobile users to tailor/personalize frequent actions, as well as to 
dynamically configure the system according to contextual needs. Whenever possible, 
the system should support and suggest system-based customization if such would be 
crucial or beneficial.” 

7   Conclusions 

In the study reported here, the method used to test accessibility and usability of a 
sample service adapted to various mobile devices together with the corresponding 
results has been presented in the light of the afore-mentioned challenges in designing 
and evaluating for mobile computing. 

The results showed the effectiveness of the different methods utilized for the 
accessibility and usability evaluation. More specifically, the WAI guidelines, which 
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were used as heuristics cues to direct accessibility tests, were found to be appropriate 
in the mobile context. In turn, the usability evaluation, which was conducted by 
means of heuristics specialized for mobile systems, appeared to be very efficient in 
highlighting the usability flaws of the tested service. At the same time, the outcome of 
the reported work motivates us to carry out further investigations on the parameters 
that constitute the methodology, for the purpose of gaining a more specific 
understanding of the same in the light of mobile computing. Moreover, we will 
continue to study the applications of existing and future accessibility guidelines to 
new devices, software applications and assistive technologies, in both mobile 
computing and ambient intelligence. 
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