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Abstract. In this paper we present the user interface design and evaluation of a 
tool for customizing mobile phone applications with context-aware features. 
The tool enables the user to program a set of context-action rules, defining the 
behavior of the device when a selected context is recognized and/or some other 
user-defined conditions are met. The tool user interface design is described 
starting from an early paper prototype and its evaluation, leading to a functional 
software implementation in a mobile phone. Finally, the usability evaluation of 
the functional prototype, and other relevant findings from the user test, are pre-
sented. 

1   Introduction 

Context-awareness has recently been intensively studied in mobile computing. Con-
text-awareness concerns proactive actions, such as user interface adaptation or evok-
ing appropriate application functions in certain external conditions. The literature 
gives several studies on location-aware applications, which have been demonstrated 
in, for instance, the Lancaster tourist guide GUIDE, the Aware Campus at Cornell 
University [3], or in offering location and presence information in Active Campus [2]. 
Sensor–based context recognition systems have been presented in [5] and [11]. 

Despite the extensive research in the field, several problems remain in developing 
usable context-aware applications. Uncertainties in context recognition or ambiguity 
may lead to erroneous conclusions of current context [4], and objective and explicit 
definition of context attributes and their values is often problematic. Moreover, using 
contextual information for automated actions has led to concern about whether con-
text-awareness will take the control away from the end user [1]. Enabling end-user 
programming of context-aware features in mobile phone applications solves the prob-
lem of user control, but brings other challenges; end-user programming is an un-
known concept for most mobile phone users. Moreover, mobile phones are commonly 
used because of their easy accessibility and ability to perform multi-tasking – but it is 
as yet unclear how large a percentage of users would like to configure their phones, 
even if significant personalization and usability efficiency advantages were offered. 
Hence end-user programming is a challenging field, and so far has been very little 
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studied among mobile handheld devices. Automated capture has been investigated in 
[6], and its usage linked to end-user programming in [16]. 

In this paper we present the user interface and usability evaluation of a mobile 
phone application, Context Studio, the concept of which was originally introduced by 
Mäntyjärvi et al. [12] and further developed by Korpipää et al. [8, 9]. Context Studio 
is a tool that enables the user to define context-action rules in order to activate mobile 
phone functions when the rule conditions are fulfilled. The user-centric design prac-
tices were emphasized in the user interface design process. The main contribution of 
this paper is the description of the user interface design and results of the user test, 
which was arranged to evaluate the final design with a functional prototype in a mo-
bile phone. The tool was developed on a Symbian Series 60 platform following its 
style guides. 

The paper is organized as follows. First, the background and experience from the 
Context Studio development are shared. Then the tool functionality and user interface 
are introduced. This is followed by the evaluation of the functional tool against the 
criteria based on standard usability guidelines. Finally, a discussion and conclusions, 
with plans for future work, are presented.  

2   Context Studio 

Mobile phones are used in many different kinds of situations, i.e. in numerous differ-
ent contexts, where the priorities of the device functions and most applications vary 
according to the situation. Furthermore, mobile phones are personal devices usually 
constantly carried by the user, and thus adapting the device behavior to the specific 
user is a relevant goal. The ways of using a mobile phone differ significantly among 
individuals. The aim is to provide more flexibility of use for various user groups. 

2.1   Development Background 

As mentioned earlier, selecting incorrect contextual information sources may lead to 
inappropriate actions being performed by the device. It is thus important to select 
relevant information sources in the design phase, or enable customization of the 
sources. In sensor-based interaction the recognition of correct patterns from the meas-
ured signals is crucial for success. 

User control and visibility of system status are two important issues in Nielsen’s 
usability heuristics [13], which is a commonly used guideline in usability evaluation. 
In the design of the tool, one of the main goals was to provide the sense of user con-
trol, which has been one of the usability concerns with context-aware applications [1]. 
In addition to this, the visibility of system status is a design challenge, as the current 
state of the device (and user) context may be hard to define explicitly as a union of all 
available context types [12].  

The approach to these problems was to let the user decide which context types they 
wanted to apply to each situation [8], instead of having to define all context types that 
describe the situation. The tool provided a selection of contextual triggers and appli-
cation actions, which were presented in a hierarchical folder structure for a scalable 
representation and to aid the user navigation. 
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The experiences from the previous studies [12, 8] were utilized in developing the 
tool user interface. According to the previous experiences, we decided to leave out 
complex rule structures, including a set of Boolean operators, as they were found to 
complicate the rule definition for most users. On the other hand, the idea of defining 
trigger-action rules had been perceived as understandable and intuitive. It was found 
that users generally prefer making simple rules. However, by not using Boolean op-
erators, setting expressive rules would become problematic. As a compromise, the 
Boolean operator AND was included as the default operator between multiple triggers 
in the same rule, while OR was made available by allowing the user to define parallel 
rules for the same set of triggers. 

Context Studio was designed and implemented for the Nokia Series 60 platform 
phones, which sets certain restrictions, such as screen size and style. The Nokia Series 
60 user interface style guide was utilized for defining the look-and-feel and general 
interaction style for the tool. 

An iterative HCI design was employed during the development process. The first 
evaluation of the Context Studio user interface was done with paper prototypes early 
in the development process, and feedback was used to iterate the user interface design 
before the software implementation was started. In the next section, the Context Stu-
dio user interface is described as it was in the final evaluation. 

2.2   User Interface 

Context Studio is a mobile phone tool that enables the user to define context-action 
rules. The condition (context) part of the rule is called a trigger for clarity. The rules 
take a simple predicative format: 

When the trigger condition is fulfilled,  
the action is executed.  

For instance: 

 When the environment sound intensity is loud, 
 set phone ringing tone volume up. 

The user can also combine multiple triggers with the AND operator, for instance: 

 When the location is home and the phone battery is charging, 
 save new images into an image album. 

The triggers can include implicit (context) inputs - such as location, environment 
sound and device activity - or explicit input actions - such as gestures, if gesture rec-
ognition is supported - or RFID-based commands. Figure 1 shows an example screen-
shot from the Context Studio rule view. 

In Figure 1 the screenshot of the Series 60 mobile phone display shows the basic 
elements of a user-defined rule. The first row presents the name of the rule, which is 
automatically generated from the action and trigger. Although the automatically gen-
erated name appears when the user selects the elements for the rule, (s)he can also 
edit the name. If the user defines the name before setting the action and trigger(s), the 
name is not automatically generated.  
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Fig. 1. Rule view in Context Studio 

Below the rule name are the action and trigger fields. The user selects the triggers 
and actions from a hierarchical folder structure, where the items are named and 
grouped according to their meaning and resemblance. Below the attribute values, 
which are marked with bold text in Figure 1, the path to the value, describing the 
attribute type, is shown. This provides the user with additional information on the 
attribute value, and helps the user to remember the overall folder structure. An exam-
ple of the folder structure appearance is presented in Figure 2. Folders describe the 
attribute type, and can contain subfolders, which the user can navigate to find the 
desired attribute value. For example, the Environment folder in Figure 2 contains the 
subfolders Temperature, Light, and Humidity. The Light folder contains the subfold-
ers Intensity, Type, and SourceFrequency. The last folder in the path contains the 
attribute values to select from. Hence the folder hierarchy enables a scalable represen-
tation of a large number of triggers and actions to choose from, instead of, e.g., dis-
playing a very long list of values. 

To enable the setting of more complex and sophisticated rules, the user can include 
more than one trigger in the rule. This is done by selecting ‘Add Trigger’ from the 
‘Options’ menu, which results in a ‘Trigger 2’ field appearing below the ‘Trigger 1’ 
field. The defined triggers are connected with the Boolean operator AND. 

In order to keep the rules understandable and relatively simple, it was decided that 
a single rule could contain only one action. However, to provide a quick way of en-
hancing the automated action with the same contextual triggers, we wanted to provide 
a shortcut for creating the rules, and included a rule copy function. The user can also 
activate, deactivate, delete, send, and edit rules. Active rules are marked with an icon 
in the main rule list, and active attributes are marked with an icon in the attribute 
value list. The color of the icon indicates the state of the corresponding attribute. 
Furthermore, a set of phone joystick and keypad controls were implemented for each 
user interface view to allow flexible use of the tool. 
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Fig. 2. The folder structure in the triggers view. The folders describe the attribute type and can 
contain subfolders, which the user can navigate to find the desired attribute value. 

2.3   Enabling the Functional System 

A functional prototype system was implemented to enable the user to create rules with 
the tool and after that use the features defined in the rule. After the user has created 
the desired context-action rule, the context framework handles the background moni-
toring of contexts and the triggering of actions according to the rules [9]. Context 
management is based on the blackboard-based context framework for mobile devices. 
For example, after the user has created the rule shown in Figure 1, (s)he can change 
the profile of the phone to silent at any time by making a circle-shaped gesture with 
the phone. 

The folder hierarchies for actions and triggers are automatically generated based 
on a context ontology model, described in detail in [8]. The ontology vocabulary 
hierarchy is transformed into a folder-file model representation in the UI. The ontol-
ogy, with an enhanced vocabulary model, offers a scalable information representation, 
and easy navigation of context and action information in the UI, and enables straight-
forward updating of the UI elements according to changes in the vocabularies - i.e., 
without programming any changes to the tool itself. Furthermore, the ontology sup-
ports the utilization of a formal rule model. Rules are represented as Context Ex-
change Protocol (CEP) XML scripts, which can be executed by an inference engine 
[10]. 

3   Evaluation 

Before evaluating the functional prototype, the user interface of the tool was tested 
with two iterations of paper prototypes (the latter is briefly described in section 3.1) 
during the development process, and improved accordingly [12, 8]. Nielsen’s usabil-
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ity heuristics [13] were applied during the UI design process. The iterative user test-
ing during the development is considered valuable as it reduces the need for correc-
tions after the implementation. 

3.1   Early Evaluation with Paper Prototypes 

A user test was conducted with paper prototyping early in the development process. 
Eight subjects (4 male and 4 female), aged 20-39, from different fields of study or 
work participated in the test. The subjects had no previous experience of context-
aware systems, and none were involved with the mobile phone industry. Each test 
session was conducted at controlled premises and lasted about 1.5–2 hours. During 
the test the subjects conducted given tasks with the paper prototype user interface 
according to given usage scenarios. 

The results of the test were used to redesign the user interface before the software 
implementation. The main modifications concerned the automated name generation 
for the rules and the disposition of some elements in the screen layouts. The results 
also affected the order of the action and trigger(s) elements, see Figure 1, since it was 
discovered that it was preferable to have both elements of the rule in the same view. 
Thus the Action field was placed above the Trigger 1 as the user might select several 
triggers, even though placing the triggers first would have been more logical. 

3.2   Final Evaluation – The Evaluation Criteria 

According to the standard on Human-Centred Design Processes for Interactive Sys-
tems, usability 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’ [14]. The criteria for the evaluation were adopted from an 
ergonomic requirements standard's usability guidelines [15], and were complemented 
with case-specific measures. The goal of the user study was to verify the selected 
fundamental customisation approach and the tool UI, and to gain possible feedback 
for further development. Moreover, initial user feedback was collected from the novel 
customisable smartphone interaction modalities. The evaluation criteria were the 
following.  

Easy to learn: Formally, learnability is the resources expended before a specified 
level of proficiency in terms of effectiveness and efficiency is attained, or the speed at 
which proficiency increases over time. Learnability was assessed with two measure-
ments: the ability to operate the tool without instructions on the first try, and the num-
ber of tasks that were required before reaching the ability to use the tool without er-
rors. Folder searching was not considered an error. The measurements were based on 
usage monitoring, and oral and written feedback. 

Effectiveness: According to the ISO 9241 standard on usability, effectiveness is the 
accuracy or completeness with which users achieve specified goals. The main meas-
urement here was the ability of the user to complete a given task successfully. 

Efficiency: Efficiency is the expenditure of physical and mental resources with which 
users achieve specified goals. It concerns time and the physical and cognitive effort 
that needs to be spent to successfully complete the given task. In this case, physical 
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and cognitive effort can be measured as, e.g., the number of errors, re-doing basic 
actions, or consulting the manual or asking advice. 

Satisfaction: Satisfaction refers to the level of comfort when using the tool, and is 
measured as the user's attitudes (positive or negative) towards the tool. The measure-
ment was based on the subjective written feedback given by the test participants after 
the tests. 

3.3   Test Set-Up 

The evaluation of the application was done with user tests by ten participants (4 male, 
6 female), none of whom worked in the mobile phone industry. The test was carried 
out with a Series 60 Nokia mobile phone, see Figure 3. The tests were video recorded 
with a screen camera. The users were encouraged to think aloud during the test, and 
their comments were recorded. After completing the tasks, the users completed a 
questionnaire that charted their opinions on the tool and the modalities, and their ideas 
for development. 
 

Fig. 3. The tool user interface in the mobile phone used in the user tests 

The test consisted of five scenarios, based on which the users were asked to use the 
briefly introduced customisation tool without further advice. The scenarios only im-
plicitly referred to making rules, such as scenario 1: 

 
You often call your best friend, Anna, and you want to be able to make the call 
quickly and without watching the phone, as you often call her while riding a bike. 
The phone recognizes a ‘circle’ movement. Now you want to determine that when 
you make a circle with the phone, it starts calling Anna. 

 
Table 1 presents the contexts and actions that were used in the rules. In each table cell 
the attribute type (folder) is the first element and the attribute value is the second 
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element. Optional rule elements are in brackets. The scenarios in Table 1 can be read 
as, for instance, scenario 1: When the user makes a Gesture with value Circle, per-
form an Application function Call with value Anna. 

The context and action vocabularies, transformed into a UI directory hierarchy, 
consisted of over a hundred name-value pairs, which the users navigated in order to 
select the elements of the rule. 

Table 1. The user customised five features. In scenarios 1,3, and 5 the user could perform the 
actual interaction with the smartphone after the customization. 

Scenario Context trigger(s) Action 
1 Gesture Circle Application\Call Anna 
2 Gesture Square 

(& Location Home) 
ExternalDevice\TV On 

3 Device\Movement\Swing SwingRight Application\Profiles Silent 
4 Location OuluCenter 

& Environment\Sound\Intensity Loud 
(& Environment\Light\Intensity Dark) 

Application\Profiles Loud 

5 Connections\RFTag Jonna Call Jonna 
 

In addition to the scenarios the users were asked to perform separate tasks, such as 
training personal gestures. The aim was to collect feedback on how the users re-
sponded to the possibility of customising personal triggers, in addition to the rules. 

3.4   Results 

Results According to the Criteria 
In the following, the results of the test are discussed separately for each criterion pre-
sented in each section. 

Easy to learn. The idea of constructing context-action rules was understood by 9/10 
users at the beginning of the first task on a general level: ‘one must design what hap-
pens when certain conditions are fulfilled’. During the first task, 4/10 users needed 
clarification of the terms action and trigger. All ten participants could complete the 
tasks without help after performing the first task. Use of the tool is easy to learn. 

Effectiveness. All participants were able to complete all given tasks. All participants 
were able to complete the task given in scenario 1, although one participant required 
help with the fundamental idea of rule building. For scenarios 2-5, all ten participants 
could perform the given tasks. In scenario 4, the task was given so that it involved the 
users setting several trigger options in more detail. Here the results showed some 
variations in the selected triggers. This result is consistent with earlier research on 
user perceptions and context-awareness - i.e., the users tend to have a subjective defi-
nition for what is meant by context [12]. Moreover, another finding was that the par-
ticipants were not eager to define long settings, even if they understood that this 
would result in more precise rules. Thus, to summarize, the usage of the tool is  
effective. 
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Efficiency. The number of errors was small after the first task, and the users did not 
have to ask advice or redo basic actions. However, since the content of the context 
trigger and action directories was unknown to the users beforehand, they initially had 
to perform some searches to find the required rule elements. This behaviour was ob-
vious as the participants used the application for the first time. The choice of ontology 
concepts is crucial for the UI navigation efficiency. The usage of the tool is quite 
efficient. 

Satisfaction. In the written feedback, 8/10 participants said that they would benefit 
from the application. When they were asked to rate the general usability of the appli-
cation on a scale from 1 (worst) to 5 (best), the average was 3.7 with a standard devia-
tion of 0.8. Median of the rating was 4, minimum 2 and maximum 5. The usage of the 
tool is quite satisfactory. 

User Feedback 
The users were asked which of the features in the test they liked the most. All ten 
subjects answered the question, and four of them gave more than one answer. Gesture 
control was preferred in six answers, implicit interaction based on sensed contexts in 
five, and three most liked controlling external devices with the phone. RF tag-based 
physical selection was not mentioned as a most-liked feature, which may be due to the 
currently required extra hardware and the difficulty in quickly perceiving the possi-
bilities of an interaction concept completely unknown to users. In this sense, gestures 
have the advantage that they are innately natural to human communication. Concern-
ing implicit control, the users had different opinions about the subjective contexts, 
such as Environment\Sound\Intensity Loud. This suggests that subjective contexts 
should either be defined by the users themselves, or omitted, or at least the description 
of the meaning of the subjective context value should be accessible. The result con-
firms our earlier experience [12]. 

For gesture control, the users were asked which method of gesture recognition they 
preferred; the user marks the gesture by pressing a button, or continuous recognition 
without marking the gesture with a button. The participants unanimously perceived 
user-initiated activation of gesture recognition as better than continuous. The main 
reason for this was a concern about unintended gesture commands. Two female par-
ticipants were worried about false commands when the phone was carried in a hand-
bag. Moreover, training personal gestures was appreciated because it was assumed to 
improve the recognition accuracy and enable the use of intuitive and natural gestures. 
This is in line with our earlier results [7]. When asked to comment freely, one user 
proposed training of location context, e.g. ‘I would [like to] go to the bar and press a 
button, and the device would remember the place’ (user #10). Customised locations 
could then be used as triggers for rules. 

As a summary of the evaluation results, the user study verified the feasibility of the 
customisation approach. The implemented tool was found to be usable, and targets for 
further development were acquired. Moreover, initial user feedback was collected 
about the new modalities for phone control. The users most liked the idea of freely 
trainable gestures, controlling external devices with the phone, and implicit context-
based interaction.  
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4   Discussion 

A few general observations based on the user tests are in order. The subjects were 
more willing to construct short and simple rules than more complex ones, even 
though they were advised that they could define several triggers. Configuring the 
phone settings was generally perceived as an additional hassle, and people tended to 
set rules with just one trigger. Perceptions of the usefulness of Context Studio differed 
depending on the given scenarios. The perceived usefulness of the tool depended on 
whether the scenario appealed to the personal needs and usage experiences of each 
test subject. The ability to personalize the phone and provide shortcuts to the actions 
corresponding to their usage style and behavior was generally appreciated. 

Thus the users had preferences on which triggers and actions they liked. The un-
derlying software design enables tailoring the available triggers and actions - i.e., it is 
possible that the user may delete unnecessary triggers and actions from the folder 
structure. This has not yet been implemented, but is considered future work. 

An alternative to explicit rule setting would be to model contexts based on exam-
ples, which is feasible when an example contains a single, chosen type of context. 
When one example contains multiple types of contexts, the programming-by-
demonstration approach may lead to functionality that the user did not intend to have, 
if the user cannot control exactly which contexts are relevant for the intended action. 
Hence the explicit rule definition approach gives the user better control over creating 
the intended device functionality. 

Although the user tests give a good indication of a successful interaction design, 
the true value of the tool and the ways in which the users would use it can only be 
revealed by observing long-term usage, which is relevant further work. However, the 
evaluation shows that the resulting user interface is both understandable and usable. 
Furthermore, the tool was evaluated with a functional prototype developed on a 
widely used mobile platform by applying a novel software framework and informa-
tion representation methods, thereby demonstrating the feasibility and potential for 
utilization by large user groups. 

5   Conclusions 

This paper presented the user interface design and user evaluation of a tool for end-
user programming of context-aware applications developed for a Series 60 mobile 
phone platform. The tool enables the user to define context-action rules that cause the 
mobile phone to perform actions when the rule conditions are fulfilled. The design 
process and rationale for the interaction design were discussed, and the resulting mo-
bile device user interface was presented. The tool user interface and the fundamental 
customization approach were evaluated with user tests. The results were analyzed 
against criteria based on standard usability guidelines. The results indicate that the 
tool is easy to learn and efficient to use. 

The study provides a good basis for further studies. Future work related to interac-
tion design includes user-initiated capture of context attributes, more flexible person-
alization of the contextual information to better support the user’s individual needs, 
and a large-scale user deployment to study the utility of the tool in daily life. 
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