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Abstract. Modern window-based applications are event-driven. User interface 
events carry valuable information about user behavior and are considered as an 
important source of data for usability evaluation. Aspect-oriented techniques 
provide an effective way to capture user interface events. However, it is 
insufficient to analyze event traces based on the information carried within 
events themselves. We describe a grammatical approach to analyzing event 
traces and identifying user tasks in the context of a task model. We also 
describe a proof-of-concept experiment to demonstrate its feasibility. Our 
approach paves the way for automatic support for task identification and 
therefore is beneficial to user interface evaluation that relies on task-based 
usability data.  

Keywords: Automatic Support for Usability Evaluation, Analysis of User 
Interface Events, Aspect-Oriented Programming.  

1 Introduction 

Modern window-based applications are event-driven. User interface events are 
generated within a window-based application as natural products of its normal 
operation. Such events carry valuable information about user behavior with respect to 
the application’s user interface and are considered as an important source of data for 
usability evaluation [1]. Because they are extremely voluminous and rich in detail, it 
is indispensible to provide automatic support for tracing and analyzing user interface 
events [2].  

Instrumentation is a common technique for event tracing. It typically requires the 
developer to insert code at specific locations in the target application in order to 
capture useful information during execution. Instrumentation code tends to be 
distributed throughout the application; hence, manual instrumentation is inflexible 
when changes in user interface design arise frequently in the development process. 
Several publications in the literature propose to use aspect-oriented techniques to 
perform instrumentation [3-6]. Aspect-oriented techniques provide an effective way 
to modularize instrumentation code that would otherwise be scattered over an 
application, making it possible to trace user interface events in a non-intrusive 
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manner. More importantly, aspect-oriented instrumentation promises better 
adaptability to user interface evolution [4]. In order to provide automatic support for 
event tracing, aspect-oriented code is developed independent of the target application. 
While being capable to capture events of interest, it is insufficient to analyze them 
based on the information carried within events themselves [1, 3].  

In this paper we describe a grammatical approach to analyzing event traces with 
the intent to identify user tasks. We also describe a proof-of-concept experiment to 
demonstrate that this approach can be realized in an automatic manner. Usability 
evaluation is to determine to what extent the user interface under consideration allows 
users to accomplish their tasks effectively and efficiently; in many ways, its success 
depends task-based usability data [2, 12]. As such, automatic support for task 
identification is beneficial as an effective way to provide the needed usability data.  

The rest of this paper is organized as follows. Section 2 covers related work. 
Section 3 provides background information about the problem under consideration. 
Section 4 introduces our approach to analyzing event traces in order to identify user 
tasks and section 5 describes a proof-of-concept experiment about our approach. 
Finally section 6 concludes this paper. 

2 Related Work 

User interface events occur in a window-based application and its run-time 
environment when the user interacts with the application via its user interface [1]. A 
range of techniques are available for tracing user interface events. Manual 
instrumentation is especially inflexible with an evolving user interface. Recent 
publications in the literature have revealed potential benefits with using aspect-
oriented techniques to provide automatic support for event tracing [3-6]. Most of them 
attempt to capture events across well-defined boundaries in the target application and 
its run-time environment. While user interface events are identifiable with an 
appropriate means, they tend to include a lot of data that reflect low-level activities 
within the target application. Our approach is to focus on events that result from inter-
component communication in a window-based application, which are more relevant 
to user-level activities and therefore more amenable to analysis [4]. 

Usability evaluation is task-based [10]. In order to support usability evaluation, it is 
crucial to have the ability to identify tasks that users performed from event traces [2]. 
However, an accurate interpretation of event traces requires contextual information 
beyond what automatic tools are able to capture in an application-independent manner 
[1, 3]. Supplementary information is needed for analyzing event traces. To that end, 
techniques are developed to align event traces with additional data obtained through 
other methods, for example, digital video recording [5, 7]. 

As reported in [8, 9], event traces can be analyzed according to observable patterns 
of usage of a user interface. A task description, such as the task model used in 
Hierarchical Task Analysis (HTA), is typically considered as a way of discovering 
and documenting requirements for user interface design [10]. Since such a task 
description shows the expected sequences of user actions, it is also used as a basis to 
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interpret event traces for usability evaluation [12]. Moreover, a grammar-based task 
description provides a convenient way to map event traces into user tasks in order to 
serve various purposes [13, 14]. We take a similar approach to enabling automatic 
support from event tracing to analyzing. 

3 Capturing User Interface Event  

Most window-based applications are structured according to the Model-View-
Controller (MVC) architecture. In the MVC architecture, the model manages 
application data, the view is responsible for visual presentation on the screen, and the 
controller handles input from the user. By encapsulating them into separate 
components, the impact of changes in the user interface is isolated and minimized. 
More importantly, the three components must communicate to carry out the 
application’s functionality; separating them also exposes user interface events, 
making them identifiable within the application. 

AspectJ is an aspect-oriented extension to the Java programming language [15]. It 
provides a construct, called aspects, to modularize processing elements that would 
otherwise span multiple modules. One can define an aspect to describe when it should 
act and what it should do; for example, reporting what is going on when certain 
method calls are made. We use aspects to trace events that occur across boundaries of 
the MVC architecture. Ignoring low-level events, such as those that appear between 
the application and its run-time environment, effectively reduces the amount of 
analytical effort without loss of relevant information. 

Here, we use a window-based application in Java, called AccountManager, as an 
example. Briefly, this application allows the user, that is, a bank customer, to manage 
each of his/her bank accounts in a separate window. In the window for an account, it 
displays the account balance as a text and as a bar graph, and also includes a text field 
and two buttons, where the former allows the user to enter an amount and the latter to 
withdraw and deposit the input amount, respectively. In addition, this application 
shows the total assets held in all of the customer’s accounts as a pie chart. Although 
this application does not provide many features typically available in a banking 
application, it involves various interaction mechanisms and multiple windows that are 
sufficient for us to investigate issues of interest. 

Event traces captured by aspect-oriented instrumentation is not immediately usable 
because they come with some irrelevant details. We built a preprocessor to extract 
useful information from event traces. Fig. 1 shows a segment of the preprocessed 
event traces that were captured as a user was using the AccountManager application. 
We have removed timestamps and irrelevant information, such as hash code values 
for some objects, from the original data. Note that the only application-specific 
element in the sample data is the word “Deposit”; it is the text associated with a push 
button to describe what it does and extractable from the event generated when the 
user clicks the button. But application-specific information is not available with 
events from other screen elements.  
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Fig. 1. A segment of preprocessed event traces 

Individual events shown in Fig. 1 result from user actions; however, they do not carry 
enough information on their own to allow their meanings to be appropriately 
interpreted. For example, the three key events indicate what the user did, but it is not 
clear what the user intended to accomplish on the basis of the information they carry 
within them alone. We have to take into consideration events that precede and 
succeed the three events to understand user’s intention. Evidently, contextual 
information plays a crucial role in analyzing event traces. Since contextual 
information spreads across multiple events, it is necessary to analyze event traces at a 
higher level of abstraction, that is, the level of user tasks.  

Furthermore, although it is possible to reason about the task that the user intended 
to perform from events shown in Fig. 1, those events themselves do not reveal how 
they can be combined as a unit at a higher level of abstraction. Consequently, 
additional sources of data need to be included in order to identify user tasks from 
event traces [1].  

4 Identifying Tasks from Event Traces 

User interface events result from user actions, such as clicking on a toolbar button and 
pressing a key, as well as system responses, such as updating the screen display and 
bringing up a message box. Whereas the former are observable actions that users 
perform, the latter correspond to users’ cognitive actions because they have to 
perceive the state change of the user interface in order to proceed. Hence, event traces 
reflect action sequences that users perform for task completion.  

Hierarchical Task Analysis (HTA) is a structured technique to analyze activities 
that users perform to accomplish their tasks [10]. In HTA, a task is broken down into 
subtasks and subtasks continue to be decomposed until appropriate user actions are 
determined, thus creating a hierarchical model for the task. Fig. 2 shows the textual 
representation of an HTA task model for making a transaction in the above-mentioned 
application. In Fig. 2, the intended task consists of subtasks 3 and 4 as well as user 
actions 1, 2, and 5, subtask 3 in turn consists of user actions 3.1 and 3.2, and subtask 4 
consists of user actions 4.1 and 4.2. Here, user actions are both observable and 
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cognitive. Fig. 2 also includes four plans to specify in what order and under what 
conditions user actions are performed. Plans illustrate possible scenarios for the user 
to complete a task.  

 

Fig. 2. A task hierarchy 

HTA is often used to analyze requirements and investigate user needs. It allows the 
developer to find user activities that are to be supported by a system and therefore is 
considered as a critical component in user interface design. An HTA task model is 
also used to understand an existing user interface for redesign and evaluation 
purposes since it is the model that user interface design originates from. Hence, even 
though individual events do not carry sufficient information on their own, their roles 
in task completion can be appropriately interpreted in the context of a relevant task 
model.  

 

Fig. 3. A BNF grammar 

User actions with respect to the user interface of an interactive application are 
grammatical in structure [10]. Grammars can be used to analyze the structure of event 
traces and subsequently to identify user tasks. We define a BNF (Backus-Naur Form) 
grammar according to the HTA task model in order to analyze event traces.  
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As shown in Fig. 3, a BNF grammar involves a set of rewriting rules. Symbols that 
appear on the left-hand side of the “::=” symbol are non-terminals, such as <Input> 
and <View>. Symbols that appear only on the right side are terminals, such as 
“Focus” and “Deposit”, which correspond to user interface events. One of the non-
terminals, such as <Make Transaction>, is selected as the start symbol. Rewriting 
rules define the way in which non-terminals on the left can be composed of terminals 
and non-terminals on the right. Fig. 3 shows how a BNF grammar can be used to 
describe the syntactic structure of those events that result from actions the user 
performed to complete the <Make Transaction> task.  

Note that the BNF grammar in Fig. 3 can be derived from the HTA task model in 
Fig. 2 in a systematic manner, except that the rule for non-terminal <KeyIn> is a 
common way to describe a numerical value (for simplicity, we show in this example 
only the part of rules for a whole number).  

Using BNF grammars offers a number of significant benefits as a way to identify 
tasks from event traces. BNF grammars give a precise, yet easy to understand 
syntactic description for event traces. Also they allow an efficient parser to be 
constructed automatically. Such a parser makes it possible to map event traces to user 
tasks in context.  

5 An Experiment 

We have conducted a proof-of-concept experiment to inspect the practical aspect of 
the approach described above. Roughly, we used two open source programs, Lex and 
Yacc, as the basic components to build a prototype of an event analyzer. Our goal is 
to use the event analyzer to process event traces and obtain relevant data to support 
task-based usability evaluation.  

Fig. 4 shows what components that the event analyzer is made of and how these 
components work together to achieve the overall functionality. 

 

Fig. 4. A prototype for event processing  
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Lex is a lexical analyzer generator [16]. We specify the lexical structure of event 
traces using regular expressions. Lex takes our regular expressions as input and 
constructs a scanner for lexical analysis. Such a scanner is able to match strings in 
event traces and convert them to tokens that denote user actions; for example, 
mapping the “JButton Deposit Clicked” event shown in Fig. 1 into the “Deposit” 
token shown in Fig. 3. Note that this scanner produces a sequence of tokens for 
further processing.  

Yacc is a parser generator [16]. We use a BNF grammar to specify the syntactic 
structure of a token sequence. Yacc takes our grammar as input and builds a parser for 
syntactic analysis. Such a parser uses grammar rules to analyze a token sequence and 
identify user tasks; for example, recognizing the token sequence resulting from the 
event trace shown in Fig. 1 as the “Make Transaction” task according to the grammar 
shown in Fig. 3. Output from this parser is a sequence of task identifiers that can be 
directly used for usability evaluation. 

Our event analyzer is a script that uses Lex to construct a scanner from the given 
regular expressions and Yacc to create a parser from the given BNF grammar, and 
then combines them to process event traces. As a consequence, this event analyzer is 
able to take the preprocessed event traces as input and produce tasks and task 
sequences as output.  

Note that our regular expressions and BNF grammar are defined according to a 
task model for the user interface under evaluation; they provide contextual 
information for event trace analysis. Since they are made available as input, the event 
analyzer is able to process event traces in an application-independent manner and 
therefore has the potential to serve the needs of usability evaluation for various 
window-based applications.  

6 Conclusion 

While user interface events from window-based applications can be captured with 
aspect-oriented instrumentation, the lack of contextual information within the 
recorded events poses a challenge for mapping them into user tasks. We describe a 
grammatical approach to analyzing event traces in the context of an HTA task model. 
An HTA task model is developed to facilitate user interface design; therefore, it is 
readily available when the user interface is evaluated. Such a model provides essential 
information that allows event traces to be appropriately interpreted.  

The central element in our approach is to derive a BNF grammar from a task model 
and use it to recognize user tasks from event traces. A model-based grammar allows 
an efficient parser to be constructed and subsequently integrated into a task analyzer 
to identify user tasks from event traces.  

Information about tasks and task sequences makes it possible to collect basic 
measures, such as the time to complete certain tasks, percent of task completion, 
number of erroneous action sequences, and usage of certain functions, and use them 
for usability evaluation [1, 12]. It also allows the developer to step through individual 
tasks for a close examination over user actions.  
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We conducted an experiment to investigate the feasibility of our approach. In this 
experiment, we built a prototype of an event analyzer from two basic components, a 
scanner and a parser. Such an event analyzer has the ability to create these 
components as needed according to application-specific input (i.e., regular 
expressions and grammars), making it possible to adapt to the needs of event trace 
analysis for a wide range of window-based applications. Hence, our approach paves 
the way to provide automatic support for usability evaluation that relies on task-based 
usability data.  

Our approach has been successfully applied to analyze event traces obtained from a 
small but relatively comprehensive window-based application. Although the 
experimental results were largely satisfactory, there are still a few issues to be 
addressed, such as the need to find an adequate solution to identify all erroneous event 
sequences, which will be the focus of our future research effort.  
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