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ABSTRACT
The upcoming of smart phones are the result of consumers'
preference for high-feature products: manufacturers are lured into
integration of a growing number of technologies and features to
provide attractive and competitive models. At the same time
usability of such complex products becomes an increasing
problem. This study aims to provide designers more insight into
the consequences of emerging technologies on the usability of
smart phones with different platforms. We conducted a usability
benchmark study and tested 4 different features on 3 smart phones
with 3 different platforms (Nokia E6li (Symbian S60, cell phone
type platform), HTC S710 (Windows Mobile 6, PC type
platform), Palm Treo680 (Palm OS, PDA type platform)) with in
total 43 subjects in a between-subjects design. The results show
significant differences in usability of the smart phones for the
selected functions. For all platforms, the common design
guidelines for usability still apply, but are restricted by the desire
to integrate more functionality to create competitive products.

Categories and Subject Descriptors
H5. [Information Interfaces and Presentation (e.g., HCI)].
H5.2 [User Interfaces]

General Terms
Design, Experimentation, Human Factors.
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Smart phone, Usability Evaluation, Design, User Interface.
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1. INTRODUCTION
The market for mobile communication products (e.g. cell phones,
Personal Digital Assistants (PDAs) and smart phones) is one of
the most dynamic and competitive markets in the consumer
electronics industry. The latest trend is the upcoming of smart
phones which, in addition to traditional voice communication and
messaging functionality, provide web access, personal
information management, multimedia and business applications
[34]. The smart phone is the future of today's cell phone. The
market is booming: up 75% in 2006 compared to 2005. Forecasts
show that in 2009 more than 200 million smart phones are
expected to be sold worldwide [23]. While the smart phone used
to appeal mainly to businesses, nowadays the smart phone costs
have dropped significantly which make it easily affordable, even
for the consumer market.
Technology advances at an exponential rate, making possible
solutions and products not even dreamed of a decade ago [8].
Research has shown that consumers buy products based on the
number of features provided [3, 31]. Fierce competition in the
smart phone market has accelerated speed-to-market of new
features and applications, because companies assume people will
adopt new products that deliver more value or utility than the
existing ones [7, 14]. As technology advances, it becomes more
feasible to load products with a large number of features, each of
which individually might be seen as useful [25, 31]. It seems very
likely that the high rate of introduction of new features and
applications has increased the speed of adoption of smart phones.
Research into “feature fatigue” (increasing the number of useful
functions at the expense of usability) shows that even though
consumers know that products with more features are harder to
use, they initially choose high-feature models [31]. They even
pile on more features when given the chance to customize a
product for their needs. Once consumers have actually worked
with a product, however, usability starts to matter more to them
than capability [7, 14, 31]. The increasing number of consumer
complaints that are not related to physical product failures shows
that consumers do experience problems with usability of products
with many features [10, 27]. A study of mobile device returns in
the United Kingdom shows that 1 in 7 cell phones is returned
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within the first year of purchase as faulty [27]. Of these returns,
about 63% has no hardware or software fault but the reported
problems relate to usability problems, mismatch with user's
expectations or issues relating to the configuration of the handset.
Although usability is an increasing problem in smart phones,
usability in itself is surely is not a new topic. User-centered
design and goal-directed interaction design have increased the
usability of products by restricting the number of features to the
goal of the product, and improving the User Interface (UI) by
reducing the number of keystrokes to perform a task and better
design of menus, keys and icons [7, 24, 32]. These design
guidelines drive towards products with fewer features, and target
at a smaller user group or market segment. However, this presents
a dilemma to manufacturers of smart phones [28]: Should they
maximize initial sales by designing high-feature models, which
consumers consistently choose, or should they limit the number of
features to enhance the lifetime value of their customers?
The features, performance, security and add-on applications in
smart phones are determined by the Operating System (OS) [22].
Currently, the smart phone market is dominated by 6 OS's:
Symbian, Blackberry OS, Windows Mobile, Palm OS, Linux, and
since the launch of the iPhone: Mac OS X. Symbian is the market
leader, installed on 100 million smart phones worldwide. In the
United States, Blackberry and Windows Mobile are market
leaders [22].
Combined with a set of related software development libraries,
application programming interfaces and programming tools, an
OS is also referred to as a mobile software platform [34]. These
platforms differ from each other not only regarding their technical
specifications [34]. They are either proprietary for special devices
(e.g. Blackberry and Mac OS X) or open to all independent
software providers (e.g. Symbian, Windows Mobile, Palm OS and
Linux). Moreover, these platforms differ on historical basis. Palm
OS and Blackberry OS originate from PDA products, Symbian
from cell phone products and Windows Mobile and Linux
originate from general purpose OS's.
The starting point of our study is that we assume that the
complexity in smart phones is unavoidable since buyers of these
products strongly prefer high-feature models. At the same time
manufacturers aim to achieve higher levels of user satisfaction by
improving usability. Because smart phones integrate PDA and
cell phone features, conflicting design goals arise [26, 34]. PDA
features require, for example, a different display size and data
input method to achieve easy to use products, than the traditional
cell phone functionality. Users might have a different mental
representation of a smart phone when they think it to be either an
enhanced cell phone or an enhanced PDA. The mental
representation might hamper them in using the product. The goal
of this study is to investigate how different mobile software
platforms influence the usability of smart phones when taking into
account different features. We set up an experiment to compare 3
commercially available smart phones with different mobile
software platforms: Symbian S60 (cell phone type platform),
Palm OS (PDA type platform) and Windows Mobile 6 (PC type
platform). By analyzing the data both quantitatively and
qualitatively, we aim to provide designers insight into the
consequences of emerging technologies on the usability of smart
phones with different mobile software platforms.
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2. RELATED WORK
In this section we discuss literature dealing with the usability of
mobile devices and summarize a selection of the most relevant
findings. Usability in this paper is defined as the extent to which a
product can be used by specified users to achieve specified goals
with effectiveness, efficiency and satisfaction in a specified
context of use [18]. Zhang and Adipat [32] show that there is a
vast amount of literature available on UI design, usability and
related topics for mobile devices, in particular for cell phones and,
to a smaller extent, for PDAs. They discuss that mobile devices
have unique features which pose a number of significant
challenges for examining usability, such as mobile context,
connectivity, small screen size and restrictive data entry methods.
In literature, both empirical testing and model-based evaluations
are used for the usability testing of mobile devices [30] Modelbased evaluations such as GOMS (goals, operators, methods and
selection rules), keystroke-level models or derivates of these
models are used to predict menu performance and support UI
design (e.g. [1], [6] and [16]). Research shows that design choices
in breadth versus depth [13], as well as sequential versus
simultaneous menu presentation influence usability regarding
menu navigation [15].
Empirical research by Ziefle and Bay [38] shows that the
awareness of the hierarchical structure of the menu is of central
importance to use a cell phone properly: the better the mental map
of the menu, the better the performance when using the device.
However, difficulties users experience with technical devices
cannot be explained by defining cognitive complexity only by the
number of production rules [37]. Ambiguous naming and
allocations of functions as well as functioning and design of keys
negatively influence usability [2, 32, 36, 37, 39]. Even though
expertise helps in using complex cell phones, these aspects of the
UI design have proven to weaken or even cancel the advantage of
expertise. Interfaces that rely on contra-intuitive learning rules
that defy learnability and “fool” the user each time s/he tries
again, as well as interfaces that interfere with basic constraints of
the information processing system perform less on usability [39].
Interface design could be improved by consistency with the
analogues product’s interface design concept that is familiar to the
users [19, 32], and navigation aids can help prevent disorientation
in cell phone menus [32, 35].
One specific feature of mobile applications which especially
challenges UI design is mobile Internet. Mobile Internet browsers
often break the underlying interaction style consistency [20].
Furthermore, because of the limited screen size and the increasing
complexity of mobile tasks, significant usability problems arise
[4, 5]. We expect that these design issues might be more severe
for smart phones because features from different types of mobile
devices are integrated into these products.

3. RESEARCH QUESTION
On the one hand, many different smart phone platforms are
introduced in the market and consumers desire to know their
usability performance before making purchasing decision. On the
other hand, it is important for designers to review the usability
performance of different platforms in order to develop better
smart phones in the future. In this study we approach the problem
by investigating the following research question:
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•

How do different mobile software platforms differ in their
usability performance in the first consumer use phase, in
terms of effectiveness, efficiency and satisfaction?
The research methods, research results and discussions are
presented in the following sections.

4. METHODS
4.1 Overview

to a higher level in the menu). As qualitative measures the keys
used, the steps taken in the menu and the user complaints were
recorded. Satisfaction was measured per task by using the AfterScenario Questionnaire (ASQ) which addresses 3 components of
user satisfaction with system usability: ease of task completion,
time to complete a task and adequacy of support information [21].

4.3 Apparatus and Materials

In order to answer the research questions, we designed a betweensubjects experiment in which participants were asked to perform 4
tasks with a different level of complexity on 1 of the 3 smart
phones selected for this study.

4.2 Experimental Variables
The independent variable under study is the mobile software
platform of the smart phones selected for this study. For reasons
of simplicity, we will use the term “OS” to refer to the smart
phone mobile software platforms.
As dependent variables the standard usability measures
effectiveness, efficiency and satisfaction were used [11].
Effectiveness was measured as the percentage of tasks solved.
Efficiency was measured by 3 parameters: task completion time
(in seconds), number of hierarchical levels in the menu used to
complete the task and number of detour steps (number of returns

Smart phone manufacturers offer their smart phones on the market
with either their own OS or a commercially available OS.
Consequently, it is not possible to compare different OS's without
using different brands of smart phones. In this study, 3
commercially available smart phones were selected. They were
Nokia E6li (Symbian S60, cell phone type platform), HTC S710
(Windows Mobile 6, PC type platform) and Palm Treo680 (Palm
OS, PDA type platform)). All 3 smart phones offered similar
functionality and were configured for use by the same mobile
network operator. An overview of the selected smart phones is
shown in Table 1. This table includes a comparison of the most
important aspects of the design of the UI, input method and key
mapping, which in addition to the type of platform, might
influence usability.

Table 1. Comparison of smart phones

Smart phone

Nokia E61i

HTC S710

Palm Treo 680

Operating system

Symbian S60

Windows Mobile 6

Palm OS

Physical appearance

Main menu presentation

Desktop menu + application
grid

Input method

Qwerty keyboard

Qwerty keyboard / keypad

Qwerty keyboard / touch screen

Softkeys

yes

yes

no

'Navigation'
key mapping

4-way rocker key

'Select'
key mapping
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Desktop menu with shortcuts + Desktop menu with shortcuts +
application grid
application grid

4-way rocker key / arrows on
4-way rocker key / touch screen
qwerty keyboard

Center of rocker key and / or Center of rocker key and/or left Center of rocker key or touch
left soft key 'ok'
soft key 'done' and/or 'enter' key
screen

'Cancel'
key mapping

right soft key

right soft key or with 'del' key
with left pointing arrow

'cancel' key on touch screen

'Global exit (to idle)'
key mapping

red key or hard menu key (this
key alternates between desktop
and main menu)

'home' key or red key

'home' key (red key switches off
device)
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For readability reasons, we will refer to the brand names of the
smart phones only, where in fact we refer to the combination of
the OS and the selected branded product.
The tests were performed in a usability lab. Manuals were
provided and the basic first use installation settings such as
location and time were already set. Both the participant
interacting with the smart phone and the UI of the smart phone
were recorded on video cameras.

4.4 Experimental Tasks
Smart phones have numerous features ranging from the standard
cell phone features to advanced business applications. Because
the research objective here is to compare different smart phone
platforms that originate from cell phones, PCs and PDAs, we set
several criteria for the selection of features for testing: the
features (1) should encompass typical cell phone as well as
typical PDA features; (2) should have a different level of task
complexity to cover multiple design aspects of the UI and; (3)
should be practically suitable for testing in a laboratory
environment.
Based upon these criteria, we selected the following tasks for the
participants to solve during the tests: (1) Calling a number which
is stored in the contacts list; (2) Retrieving information from a
website; (3) Entering an appointment in the calendar and (4)
Setting up a push mail account and using this account to send an
email. We expected that the origin of the smart phones (cell
phone, PDA or PC) would influence the related usability. The
smart phone evolving from a cell phone type platform was
expected to perform well on the Phone task, whereas the smart
phone evolving from a PDA type platform was expected to
perform well on the Calendar task. For the newer functions
Internet and push mail, we are interested in discovering the
differences in usability performance among these smart phones.
The complexity of each task per smart phone, in terms of the
minimum number of menus and keystrokes needed to complete
the task, is shown in Table 2.
To account for differences in speed of typing the participants
were instructed to enter the appointment and the email with a
minimum amount of text. Although the smart phones differ
regarding the level of detail of information required for setting up
the push mail account, the same information regarding the
account settings was provided to all participants independent of
the smart phone tested. The task order was varied to account for
possible learning effects. Due to the restricted availability of the
usability lab and to keep the total test duration per participant
within 1 hour, a time limit was set for each task. This limit was
based on durations measured during the pilot tests. The time
limits for the tasks in consecutive order were 4, 7, 10 and 14
minutes.
Table 2. Minimum number of menus (keystrokes) needed to
execute the task
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4.5 Participants
We decided to execute the experiment with students of a technical
university, as they are generally familiar and confident with using
related technologies and therefore resemble the profile of
potential professional smart phone users. To ensure that
differences in usability would not be attributable to differences of
the personal characteristics among the participants, we used a
survey to select participants with regard to familiarity with cell
phones and computers, subjective expertise of cell phones and
computers; and intention to use smart phones. Only students who
did not own a smart phone or a PDA were selected for the
experiment. Measurements of familiarity [9] and subjective
expertise [12] with both cell phones and computers were used to
ensure that there were no significant differences between the
groups in terms of level of contact with related technology and
confidence in using this technology.
In total 43 participants were randomly assigned to either one of
the smart phone groups. In the Nokia group 10 males and 4
females with a mean age of 21.1 years participated. In the HTC
group 11 males and 4 females with a mean age of 19.8 years
participated and in the Palm group, 12 males and 2 females with a
mean age of 21.0 years participated. Non-parametric KruskalWallis tests showed no significant differences between the
personal characteristics of the participants in the 3 smart phone
groups.

4.6 Procedure
At the beginning of the experiment the participants were
instructed that the experiment was set up to examine the ease of
use of the smart phone and not to test the participants. The
participants were provided with information on the capabilities of
smart phones in general and were asked to read through a list of
instructions. They were asked to perform the tasks in the
predefined order and to fill-in the ASQ questionnaire after
completing each task. Furthermore, they were asked to go back to
the main menu of the smart phone before starting a new task to
ensure that every task in every test was started from the same
position in the menu. The participants were asked to think-outloud while performing the tasks as well as during completion of
the questionnaires. We did not notice any significant influence of
this protocol on the time measures of the tasks (participants were
instructed not to interact with the observer).
The participants were not instructed to solve a task within a
certain time limit. However, after spending more time than the
predefined time limits discussed above or when the participant
gave up because the task was too difficult, the participant was
asked to proceed with the next task. Except from the Calendar
task, the tasks were set up as such that participants could verify
whether they successfully completed the task. The whole
experiment lasted 30 to 50 minutes depending on the working
speed of the participant. After the experiment the participants
received a token of appreciation for their participation.

Task

Nokia

HTC

Palm

5. RESULTS

Phone call

1(2)

1 (2)

1 (3)

Internet

2(6)

1 (7)

1 (5)

Calendar

3 (19)

4 (18)

3 (8)

In this section, we will analyze effectiveness, efficiency and
satisfaction measures for each task separately. In addition, the
users' actions and problems will be discussed in more detail for
each task to give insight into the influence of smart phone
platforms on usability.

Pushmail

7 (27)

7 (15)

5(16)
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The measures of efficiency and satisfaction did not meet the
assumption of normality and equal variances between the
different groups which are a prerequisite for being able to use
parametric tests. In order to compare differences in efficiency and
satisfaction measures per task across the different smart phones;
one-way Kruskal-Wallis analyses were run. In order to compare
differences between groups, separate pair-wise Mann-Whitney U
tests were used. Holm's sequential Bonferroni correction [17] was
used to determine the corrected significance level per comparison.
The level of significance was set at p = 5%. Results within the
less restrictive 10% level are indicated as marginally significant.

5.1 Phone Task
A comparison of the performance of the smart phones for the
Phone task in terms of effectiveness, efficiency and satisfaction is
shown in Table 3. Since not all users were able to complete the
task, the efficiency measures shown in this table are only reported
for users who were able to complete the task. Both from a user
and design perspective we expected that making a phone call
would generate few problems in usability as this is a basic
functionality of any particular phone. However, from the results
show in Table 3 it can be seen that even for this task differences
occur in time and number of menus used. The Kruskal-Wallis
tests show significant differences for time (χ2(2) = 9.11,
p < 0.05), for number of menus used (χ2(2) = 14.99, p < 0.01) and
for satisfaction (χ2(2) = 6.16, p < 0.05). As shown in Table 2, the
complexity of the Phone task on the Palm evolving from PDA
systems is slightly higher than that on the phones evolving from a
cell phones or a PC (requiring 3 keystrokes against 2 for the other
phones). The test results show that the effectiveness is lower and
time required to complete the tasks is higher for the other two
phones. Separate pair-wise Mann-Whitney U tests show that
using the Palm to make a phone call takes approximately 75%
more time than using the HTC (significant with p=0.004).
Furthermore, users of the Palm used significantly more menus
compared to users of the Nokia (p=0.000) and the HTC
(p=0.001). It was also found that users were more satisfied when
performing this task with the HTC than with the Palm (p=0.016).
No significant paired comparisons for satisfaction were found
between the use of Nokia and the other two smart phones.
Inspection of the usage patterns and user complaints revealed that
the longer time and higher menu count for the Palm was mainly
caused by the fact that users thought that pressing the call-button
after selecting a contact person would result in the call. However,
not the contact person but the telephone number had to be
selected.

was switched off. Consequently, the users spend more time and
detour steps when browsing through the menus to find a solution.

5.2 Internet Task
The performance of the smart phones when users were asked to
retrieve information from a website through the mobile Internet
browser is shown in Table 4. Kruskal-Wallis tests show
significant differences for all the measures: time (χ2(2) = 13.81,
p < 0.001), number of menus used (χ2(2) = 32.67, p < 0.001),
number of detour steps (χ2(2) = 5.89, p = 0.05) and satisfaction
(χ2(2) = 8.54, p < 0.05). From the results shown in Table 4 it can
clearly be seen that for this task both the Palm and the Nokia
outperform the HTC on almost all the measures. For both smart
phones almost all users were able to complete the task while for
the HTC surprisingly low effectiveness percentages were
observed.
Separate pair-wise Mann-Whitney U tests show that a high
number of paired comparisons are significant. For the time
measure, users of the Nokia took significantly less time to
complete the task than users of the HTC (p=0.001). For the Palm,
differences in task completion time are significantly different with
the HTC (p=0.008). Roughly speaking, users of the HTC took
twice as much time to complete the task than users of the Nokia
and Palm. For the measures of the number of menus used, all the
differences are significant except from the difference between the
Nokia and the HTC. Finally, users take significantly less detour
steps for the Palm compared to the Nokia and the HTC.
As shown in Table 2, the smart phones do not differ much in
terms of task complexity for this specific task. Consequently, it
can be concluded that the differences in usability are caused by
other factors than task complexity. The Nokia caused problems
for the users by an unclear status or lack of feedback (users got
unclear error messages that did not give them sufficient
information to solve the problems). Nevertheless this phone
scored second in effectiveness and even first in time needed. We
discovered that the guidance in the Nokia phones helps users to
complete tasks successfully. The analysis of the usability
problems with the HTC showed some remarkable results. As can
be seen in Table 4, the number of menus used and the number of
detour steps do not differ between the Nokia and the HTC while
the users of the HTC experienced far more difficulties when
trying to complete this task. We expected that the HTC has an
advantage because the Internet function is called "Internet
Explorer" and this is familiar to most users.
Table 4. Performance when using the Internet browser

Table 3. Performance when making a Phone call

Nokia

HTC

Palm

Nokia

HTC

Palm

Effectiveness [%]

92.9

33.3

100

Effectiveness [%]

100

100

92.9

Time [s]

195.9

400.9

239.9

Time [s]

65.6

61.4

105.9

Number of menus used

7.2

7.0

1.5

Number of menus used

2.3

3.2

10.8

Number of detour steps

1.7

1.9

0.2

Number of detour steps

0.3

0.7

1.1

Satisfaction

5.3

4.3

5.2

Satisfaction

6.0

6.3

4.9

Another problem they faced was that they expected to return to a
previous menu when selecting the red key, but instead the phone
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The usage patterns and user complaints reveal that the HTC users
were confused, because after entering the web address the phone
displayed a search screen, while they expected to immediately get
the requested website.
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Finally, pair-wise comparisons for satisfaction show that
compared to the HTC, the Nokia (significant with p=0.003) and
the Palm (significant with p=0.018) score higher on satisfaction.

5.3 Calendar Task
A comparison of the performance of the smart phones for the
Calendar task is shown in Table 5. Kruskal-Wallis tests show
there are only significant differences for the number of menus
used (χ2(2) = 7.12, p < 0.05). Separate pair-wise Mann-Whitney
U tests show only one significant differences between the HTC
and the Palm (p=0.009). For this task we expected the Palm to
perform better because the calendar functionality originates from
PDAs. Furthermore, the Palm is exceptional on task complexity
as it only needs 8 keystrokes, where the other phones need 18 and
19. As Table 5 shows, the results of the experiment showed
otherwise. Despite the advantage in complexity, the Palm scores
low on effectiveness and high on time needed to complete the
task. Most of the problems were related to setting the reminder:
users had difficulty to allocate this function, and they did not
understand that an “alarm” was to be set, they were looking for a
function named “reminder". The Nokia scores the best on
effectiveness and it scores even better on time. Furthermore, the
number of problems with the Nokia was equally low. This is
remarkable as the Nokia is the phone that requires the highest
number of keystrokes to complete the task. When analyzing this
into more detail, we discovered that, although more keystrokes
are required, they are quite logical in sequence as the user is
guided through the fields to be filled in.

As predicted by the minimum number of menus and keys needed
to complete the task, users of the Palm needed much less menus
and steps to complete the task than the other phones. Although the
Nokia provides an installation wizard for the set-up of the
account, nevertheless it is asking detailed input information that is
not clear to the users (e.g. asking to select POP3 or IMAP4). The
users of the other phones were able to complete the set up without
this specific information. Additionally, users of the HTC were
struggling with the automatic dictionary which was set up for
English, while they were typing their email in another language.
They could not find a way to switch off the dictionary function.
Overall, it seems that for all the phones users needed more
confirmation on whether they were doing the right thing when
executing this complex task. The feedback the phones provide is
not clear enough (e.g. users did not know if the email was sent).
Table 6. Performance when setting up a Push mail account

Nokia

HTC

Palm

Effectiveness [%]

50

60

71.4

Time [s]

689.6

705.6

490.2

Number of menus used

26.1

18.3

6.9

Number of detour steps

6.0

4.3

0.9

Satisfaction

3.9

4.0

4.3

Table 5. Performance when using the Calendar

Nokia

HTC

Palm

Effectiveness [%]

92.9

93.3

64.3

Time [s]

190.9

241.6

254.5

Number of menus used

9.1

13.8

6.8

Number of detour steps

1.6

3.2

1.0

Satisfaction

5.8

5.1

4.9

5.4 Push mail Task
The performance of the Nokia, the HTC and the Palm smart
phones for a push mail task are shown in Table 6. When
performing this task, users were asked to set up and use a push
mail account. The Push mail task was the most complex of all 4
tasks. Even the simplest set-up, the Palm, requires 5 menus and no
less than 16 keystrokes. Kruskal-Wallis tests show there are
significant differences for number of menus used (χ2(2) = 18.01,
p < 0.001) and number of detour steps (χ2(2) = 9.73, p < 0.01).
The results show that for none of the phones a high effectiveness
percentage was achieved. Furthermore, the Palm outperforms the
other two phones on all the measures.
Inspection of the pair-wise Mann-Whitney U tests show that with
the Palm a significant lower number of menus is used (p=0.000)
and the difference regarding the number of detour steps with the
Nokia is significant (p=0.001) and with the HTC marginally
significant (p=0.026).
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6. CONCLUSION AND DISCUSSION
This study examined the usability of 3 different smart phones
with different OS's. In order to find out if users experience
differences in ease of use of important functions, an experiment
was set up to test the usability of 4 different functions with a
homogeneous group of users. The results showed significant
differences in usability of the smart phones for the selected
functions. Especially the Internet and Push mail task showed
significant differences for most of the measurements and for both
tasks significant usability problems were identified. As is shown
in Table 2, the selected functions have an overall increasing level
of complexity based on the minimum number of menus and key
strokes required to complete the tasks. Except from the Internet
task, the results indicated that a higher level of complexity results,
on average, in lower effectiveness and efficiency scores. These
overall results confirm earlier research on the influence of task
complexity on performance (e.g. [5] and [39]) and earlier research
on usability of mobile Internet [4, 5, 20], discussed in section 2.
However, the differences in performance are not consistent across
the selected OS's for the selected tasks. Furthermore, except for
the Push mail task, task complexity differences between the
phones when compared for each specific task, do not explain the
performance differences. We expected that the origin of the smart
phones (cell phone, PDA or PC) would influence the design
decisions and related usability. The Nokia OS evolving from a
cell phone was expected to perform well on the Phone task,
whereas the Palm OS evolving from a PDA was expected to
perform well on the Calendar task. For the Phone task the results
are consistent with our expectations, i.e. the problems with the
Palm are caused by both the platform (the phone call functionality
is not designed as a primary function) and ambiguity of key
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design. For the other tasks, the results are not consistent with our
expectations. Although for the Calendar task the Palm is less
complex, it is outperformed by the Nokia and the HTC, mainly
due to the task guidance provided.
When taking a bird’s eye view on the usability problems users
encountered during the experiment it becomes clear that several
of those problems could have been avoided. For example, the
functionality of the red key on the Palm. Users expected to return
to a previous menu when pressing this key, but instead the phone
was switched off. In other words, this design is not consistent
with the commonly used interface in cell phones.
Some problems, however, are inherent to the required number of
features that the smart phone needs to include, such as having to
navigate to allocate a specific function. Given the complexity, we
observed that certain design guidelines are more important to
improve usability. For example, a high number of menus and
keystrokes required to complete a task does not automatically
correlate with efficiency. The results suggest that clear task
guidance and navigation aids are a more important determinant
for ease of use. Consequently, the commonly advised design
guidelines for mobile applications (such as the guidelines
discussed in [32]) still apply but can only be implemented to a
certain extent. Further research is needed to investigate how the
design guidelines should be adapted to apply to high-feature
mobile applications.

7. Limitations and further research
In this study we used carefully selected students of a technical
university as test participants. It is expected that a more diverse
group of participants in terms of knowledge, age and education
will generate even more diverse usability problems. Furthermore,
we have tested only the first use phase; it is expected that some
learning will take place during extended use [39]. During
extended use, users might want to adapt the menus to their
personal needs, e.g. by creating a personalized “start menu”
which show the frequently used applications and functions. We
have not tested the ease-of-use in the extended use phase, so we
cannot comment on the usability performance of these smart
phone platforms in the longer term.
We have only tested products that are currently available on the
market. It is expected that soon new technologies will become
available for integration in next generation smart phones. An
example of a function that becomes possible with broadband
wireless communication is the use of off-board applications that
push information upon request to the user’s phone. Off-board
GPS-navigation will be one of the interesting applications as it
can automatically include up-to-date information on road works,
traffic information, etc. Another example is ambient intelligent
technologies providing applications and information dependent on
the location of the user [29]. These technologies will challenge
designers of smart phone OS's and applications to run on those
systems much more than before, as the amount of features and
options for users will increase even further, and at the same time
consistency is at stake as many applications will be designed by
different parties. Further research into usability of complex
products such as smart phones is needed to ensure good usability
and satisfied users.
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