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ABSTRACT

A user-centered approach to interactive system development
requires a way to represent the behavior of a user
interacting with an interface. While a number of
behavioral representation techniques exist, not all provide
the capabilities necessary to support the interaction
development process. Based on observations of existing
representation techniques and comments from users of the
User Action Notation (UAN), a user- and task-ceniered
behavioral representation technique, we have developed a
model of behavioral representation techniques. Our model
is an epistemological framework for discussing, analyzing,
extending, and comparing existing behavioral
representation techniques, as well as being a springboard
for developing and evaluating new techniques. We present
the model and results of our evaluation demonstrating the
model’s reliability and utility within the context of
behavioral representation techniques.

PROBLEM STATEMENT AND CONTEXT

It has been shown repeatedly that traditional software
engineering methods do not necessarily lead to high
usability when applied to the development of user
interfaces (e.g. 1, 2, 3). This is reasonable since the focus
of these methods is the software, not the user. 'To achieve
high usability, the interface development process should be
user-centered; i.e., it should focus on the user's tasks,
needs, and behavior while interacting with the system.
This view, referred to as the behavioral view (4), has led
io a variety of techniques for representing the design of a
_user interface in terms of the behavior of the user,
independently of user interface software and hardware
considerations.

One such technique, the User Action Notation (UAN) (4,
3), is a user- and task-oriented notation that describes the
behavior of a user and an interface during their cooperative
performance of a task. Other behavioral representation
techniques include GOMS (6), Command Language
Grammar (CLG) (7), keystroke-level model (8), Task
Action Grammar (TAG) (9), Reisner Action Language
(10}, work by Kieras and Polson (11), scenarios or story-
boarding, and Task Artifact Framework (12).

The primaty abstraction of the UAN is a user task — a
user action or group of temporally related user actions
performed to achieve a work goal. A user interface is
represented as a quasi-hierarchical structure of tasks that are
asynchronous — the sequencing within each task is
independent of that in other tasks. User actions,
corresponding interface feedback, and state information are
presented at the lowest level. Levels of abstraction are used
to hide the details of lower level tasks by combining these
tasks under a single task name. At all levels, user actions
and user tasks are ordered and combined using temporal
relations such as sequencing, interleaving, and concurrency.
Since textual notations are not always convenient for
specifying all components of an interface, UAN
descriptions may include screen pictures (scenarios), and
can be supplemented with state transition diagrams to
indicate precisely how the user interacts with the interface.

The UAN has progressed from its inception as a research
project to a practical approach that has been used
extensively in real world development environments. Over
the past 3 yecars, we have observed use of the UAN in a
substantial portion of the more than 50 industrial and
government sites that are using the UAN for user interface
development. We have interacted with these users of the
UAN to obtain their feedback for improving and extending
the UAN.

However, as we began making extensions to the UAN
based on data from its users, we found that there was no
structured method for determining whether our changes
were actually improving the notation. This lack of either a
practical or theoretical yardstick for determining
improvement in the UAN led us to develop and evaluate a
model of behavioral representation techniques. The model
is an epistemological framework for discussing, analyzing,
extending, and comparing existing behavioral
representation techniques, as well as being a springboard
for developing and evaluating new techniques.



APPROACH

The traditional scientific method consists of observation,
theorization, and evaluation, where a model is often used
to aid in expression of the theory. These steps, when
applied to the development of a theoretical model of
behavioral representation techniques, translate to:

1. observation of behavioral representation techniques
and their use, as well as study of related existing
models found in the {iterature;

2. construction of a model of behavioral techniques
based on those observations;

3. evaluation of the proposed model of behavioral
Tepresentation techniques.

Each of these steps is discussed in later sections.
A RELATED MODEL

At least one previous attempt has been made to produce a
theoretical model of techniques to represent interface
designs from the user's perspective.  Simon  (13)
developed a "trade-off" space of user models, the purpose of
which was to create a theoretical view of the strengths and
weaknesses of any given representation technique, The
three dimensions of this model were: Processing
Resources (e.g., actions, cognition, perception, and
sensation), Knowledge Representation (e.g., from high to
low continuously), and Level of Representation (e.g., from
actual operations specified to no operations specified
continuously). This space was to help a designer/analyst
choose among available techniques according to these
dimensions.

While this trade-off space raises many interesting questions
about relationships among various techniques, it has some
limitations. First, the space has not been evaluated in any
way. Second, the use of continuous axes for two of the
dimensions raises questions about where a given technique
should reside. For example, the Level of Representation
axis refers to the specificity of the technigue with regard to
user operations, ranging from the top of the axis where
operations are not specified at all to the bottom of the axis
where operations are specified in detail. For a technique
that is very explicit about cognitive operations but not
about physical ones, the model is not clear about whether
that technique reside near the top or the bottom of the
Level of Representation axis?

STEP 1; OBSERVING USERS OF UAN AND
COLLECTING DATA FOR A MODEL OF
BEHAVIORAL REPRESENTATION TECHNIQUES

We believe ours to be the first model to provide a general
framework for discussing and evaluating behavioral
representation techniques. During model formulation, we
collected data through observations from several sources.
In addition to observing use of the UAN, we also studied
related models, and approaches to their development, found

in the literature. For example, in the area of input devices
and device selection, researchers have found it useful to
build a model of devices in terms of their attributes and
classes of attributes (14, 15). Similarly, in our research,
the behavioral representation techriques to be modeled have
a number of atiributes based on the needs of thejr users.
With the goal of identifying and classifying these
attributes, users of the UAN were asked to contribute a list
of their needs for a behavioral representation technique.
The lists contained suggestions such as representing
hierarchical relationships among user tasks, providing
analytical support for complexity and performance, and
providing support for interaction documentation.

Further, existing behavioral representation techniques, such
as GOMS, CLG, TAG, etc., were analyzed to determine
requirements for which they were designed. We found
items such as performance prediction, cognitive modeling,
and object and artifact definitions.

STEP 2: DEVELOPING A MODEL OF
BEHAVIORAL REPRESENTATION TECHNIQUES

A model of behavioral representation fechniques was then
developed based on these observations and data. Because
our model is taxonomical, it is a scientific metaphor for
the systemization of attributes of a group or class, in the
style of Kaplan (16). The model, shown in Figure 1,
contains three dimensions, each of which has several
discrete aftributes:

. Scope — activities within the interface
development process that can use the technique.
These activities (attributes) include task analysis,
design, and so on.

. Content — interface or interaction components
being represented using the technique. These
components (attributes) include user definition,
cognitive processes, and so o,

. Requirements — qualities of the representation,
These qualities (attributes) include facility,
expressiveness, and so on.

STEP 3: EVALUATING THE MODEL OF
BEHAVIORAL REPRESENTATION TECHNIQUES

The model was evaluated over a variety of criteria. The
first criterion we examined was that of completeness,
defined to be the model's coverage of all aspects of
behavioral representation techniques. Developers of the
device models mentioned earlier (14, 15) found it virtually
impossible to test completeness of their model; we, too,
found this to be the case in evaluating our model's coverage
of behavioral representation techniques. However, we
postulate that our model should provide ample coverage at
least of existing techniques since it was derived from an
analysis of them.

Evaluation of the device models centered on the criterion of
utility (14, 15), meaning that the models provided some
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useful function in working with input devices. However,
another important criterion is that of reliability, meaning
that the model must produce similar results across those
who use it to compare and evaluate behavioral
representation techniques. The model of behavioral
representation techniques was also evaluated under these
two criteria, as described in the following sections.

Demonstrating Reliability of the Model

As described previously, the purpose of our model is to
support development and evaluvation of new behavioral
Tepresentation techniques, as well as analysis, extension,
and comparison of existing techniques. Thus, this model
supports two basic functions:

. mapping problems or critical incidents observed in

Requirements

the use of a specific behavioral representation
technique to a missing or failing activity (from the
Scope dimension), component (Content dimension),
and quality (Requirements dimension); and

. analyzing an existing behavioral represeniation
technique for its ability to cover all activities,
componeants, and requirements identified in the
model.

Moran (17) raised the need for the first of these two
functions in describing the need to categorize and analyze
hundreds of "nits" or critical incidents mmvolving interface
development at Xerox (17). Jacob (18) raised the need for
the second of these functions in discussing the need to
analyze and compare new and existing user models and
design representations.

Extensibility: translation, automated analysis, extension

Expressiveness: accuracy, breadth, reliability

Facility: readability, writability, learnability, method, cost —

User Definition

Cognitive Processes

Main-Line Action/Task

Non-Main-Line Action

Feedback/Display

Artifact Definition

Interface State

Device Information

Content

Scenarios/Screen Pictures

Temporal Relationships

Hierarchical Relationships

Performance Issues

Task_ Design Tmp lelmen- Evaluation Docu.m en- L
Analysis tation tation
Scope

Figure 1. Model of Behavioral Representation Techniques

The model was evaluated for religbility by having a group
of subjects perform several fasks and then performing a
statistical test of the similarity of their results. In the first
task, involving incident mapping, we selected 40 critical

incidents commonly reported by UAN users and had five
subjects map these incidents into the model. For purposes
of this mapping, we defined critical incidents to be:

. an encounter with an interface component that the
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UAN does not represent;

. a difficulty using the existing UAN notation;

. a variation in notation or method from the current
UAN standard; or

. an incident in which the UAN provides a notation or
a view of the interface that could not have occurred
otherwise,

We selected the 40 critical incidents to provide the broadest
possible coverage of the model, i.e., so that they would not
all map to a small number of cells, The five subjects were
sclected on the basis of their varying levels of cxperience
with the UAN. We intentionally chose a mix of subjects
from UAN novices to UAN experts in order to demonstrate
that the model would produce reliable results across
experience levels, Subjects were shown two example
mappings and were given a brief description of the model.
Each subject then independently mapped each of the 40
incidents to the cell in the model in which they thought it
best fit. For example, if an incident was reported in which
two UAN users created different hierarchical task structures
during task analysis, then that incident might be mapped to
the cell of task analysis on the Scope axis, hierarchical
relationships on the Content axis, and expressiveness
(which includes the idea of reliability of the technique) on
the Requirements axis.

The reliability of the model is the extent to which the five
subjects agree on their mappings of the 40 critical

Table 1. Results of analysis of incident mapping

incidents. Of course some agreement in mappings would
be expected by chance alone: that is, even if the subjects
assigned the incidents to the cells at random. Cohen's
kappa (19) is a measure of the proportion of agreement
above and beyond what would be expected on the basis of
chance. Kappa is scaled between 0 and 1, with 0
corresponding to only chance agreement and 1
corresponding to perfect agreement.  Kappa is
approximately normally distributed and can be used to test
the null hypothesis of no agreement beyond the chance
level.

While kappa is limited to assessing the agreement between
two subjects, an extension (20) permits measuring
agreement among several subjects. As with the two.
subject version, the extension also produces a kappa valye
between 0 and 1, and also allows testing for agreement by
reference to the normal distribution. In this study we
employed the extended version to measure agreement
among our five subjects. To gauge the reliability of cach
dimension in the model individually, separate tests were
conducted for each of the three axes. Table 1 shows the
proportion of agreement, kappa, z-value (standard normal
scaling of kappa), and p-value for each of the three
dimensions, For each test, the p-value is the chance of

. obtaining the observed leve] of agreement by chance alone.

The extremely small p-values shown in Table 1 provide
convincing evidence that each dimension of the model is
reliable.,

Dimension Proportion of Kappa Zz-value p-value
Agreement

Scope 0.8725 0.8362 28.56 <0.00001

Content 0.6575 0.6224 36.04 <0.00001

Reguirements 0.8925 0.8327 20.10 <0.00001

While these results show highly significant levels of
agreement (i.e., well beyond chance) among the five
subjects, the level of agreement on the Content axis
appears lower, since the proportion of agreement and kappa
values for the Content axis are well below those of the
other two axes. However, since there are 12 levels on the
Content axis but only 3 and 5 levels, respectively, on the
Scope and Requirements axes, it is less likely that all
subjects would agree on the best fit of an incident along
this axis. As indicated by the larger z-value for the
Content axis, the obtained level of agreement provides even
more convincing evidence of reliability for this dimension
than for either the Scope or Requirements axes,

We should note that there are two domains to which we
might like to generalize our results: the domain of critical
incidents and the domain of subjects. For statistical
Purposes, the sample size of 40 for each test (the number
of critical incidents) implies that our mode] is teliable for
the domain of all eritical incidents. Although our five
subjects were chosen to Span a wide range of experience
with the UAN, the statistical results do not speak to
generality in this domain; we cap only speculate that
similar consistency would be obtained among any

reasonable set of subjects.

These results suggest that two or more persons working to
modify and/or extend a behavioral representation technique
would most likely agree on the ramifications or meaning of
a particular eritical incident, i.e., the Scope, Content, and
Requirements components of the technique which need to
be addressed,

In the second task used to evaluate reiiability of the model
of behavioral representation techniques, we had the same
five subjects from the previous experiment use the mode]
for analysis of the UAN. This process involved going
through each cell in the mode] and rating the UAN on a
scale of 110 3, 1 being the lowest rating and 3 being the
highest rating, with respect to that cell, Each subject was
given a copy of a UAN tutorial. Using the previous
mapping example, ie., the cell of task analysis,
hierarchical relationships, and expressiveness, the UAN
might be assigned a score of 3 for this cell since it is very
effective at representing decomposition of larger tasks into
a hierarchical task structyre.

While perfect agreement among all subjects in the rating of
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a cell would provide the most convincing evidence of
reliability, it would be unreasenable to ignore partial
agreements. Accordingly, we considered two possible
criteria for "agreement,” each allowing for some minor
degree of discrepancy among the five ratings for an
intersection. For the first criterion, which we referto as 3
or more agreement , three subjects had to agree exactly on
the score and the other two subjects could differ by at most
one from that score, e.g., three subjects give a score of 3,

Table 2. Results of analysis of ratings comparisons

and the other two both &give scores of 2. For the second
criterion, which we refer to as 4 or more agreement s four
subjects had to agree exactly on the score and the other
could differ by at most one, e.g., four subjects select 1 and
the other subject selects 2. For each criterion we compared
the observed proportion of agreements with the proportion
that would be expected on the basis of chance alone. These
proportions, along with the resulting z-values and their
associated p-values, are shown in Table 2.

Criterion Probability of Proportion of z-value p-value
Agreement by Apreement
Chance
3 or more 0.3416 0.7795 12.89 < 0.00001
4 or more 0.0947 0.5641 22.39 < 0.00001

Again, as with the incident mapping task, these results
indicate a highly significant level of agreement among the
five subjects. = While the proportion of agreement js
somewhat lower for the £ or more agreement criterion, the

actually higher than that of the 3 or more agreement
method. We can conclude from these results that the mode]
is reliable for the analysis/rating of an existing behaviora]
representation technique. Thig type of analysis may
provide insight into areas of needed improvement for a
given fechnique. Further, this analysis may provide a
means of comparing existing behaviora] representation
techniques to determine which i best for the task at hand.

Demonstratlng Utility of the Model

The other criterion for evaluation of the mode] of
behavioral representation techniques was wtility — 1o
show that it can provide useful functionality in some
measurable way. To do this, our model was applied to the
problem of UAN development and extension. If a new
version of the UAN based on the model could be shown to
be an improvement over the old version, then the

In order to perform the first part of the experiment, we
wrote a UAN tutorial for the original version of the UAN,
providing basic information of how to use the UAN in
representing an interface design. This original version of

report to us critical incidents in using the UAN. We
mapped reported incidents onto the model of behavioral
representation techniques to identify areas of needed
improvement. We ysed these mappings, along with the
ratings of the UAN based on the model, and other
observations and literature study (as discussed previously

and detailed in (21)) to create an improved, extended version
of the UAN. This new version was documented with a
new version of the UAN tutorial.

In order to evalyate utility of the model, we selected six
subjects from a graduate human-computer inferaction
course in which all six had equal exposure to the original
UAN and other human-computer interaction development
concepts.  These subjects were given a single simple
interface task to describe using the original UAN. The
subjects were also asked to supply their grade point

We then gave both groups the same interface prototype, a
graphical interface prototype for a disability assessment
system (developed in Hypercard), and asked them to write a
description of its interface using only their respective
versions of the UAN. Each group was cautioned {o include
in their UAN descriptions just the features and symbology
of the UAN contained in their tutorial. The groups met
separately and were given four hours fo complete the UAN
descriptions for the disability assessment interface. The
members of each group were then asked to rate {hejr
Tespective versions of the UAN using the model of
behavioral representation techniques. They accomplished
this by rating their versions at each cell in the model on 3
scale of 1 to 3 (with 1 being the lowest rating and 3 being
the highest rating),

We then compared the old and new versions using two
criteria:

. each subject's perception of the version of the UAN
he or she used as recorded by model rating results
and

. quality of UAN task descriptions for the disability
assessment interface as determined by a panel of
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human-computer interaction experts.

Our behavioral Tepresentation technique model includes a
otal of 180 cells (5 levels of Scope by 12 levels of
Content by 3 levels of Requirements), each of which was
Tated on the three-point scale by each subject. For each cell
two averages were computed, one across the three subjects

Table 3, Results of t-test of user ratings comparison

who used the old version of the UAN, and one across the
three subjects using the new version of the UAN. Old and
new versions of the UAN were then compared across all
180 cells using a paired t-test. As can be seen in Table 3,
We are extremely confident that the new version of the
UAN is rated higher than the old version,

Number of Mean Difference in ¢ value pvalye
Observations Ratings
180 (.7044 1520 < 0.00001

The mean rating for the old version across all 180 cells was
1.5930, while the mean rating for the new version was

at from another angle, we could state that the new version
produced a rating 449, higher than the old versjon,

In the second part of the experiment to evaluate
improvement in the UAN, a panel of four subjects rated the
design representations created by the groups from the first
part of the experiment. These subjects were selected based

Table 4. Results of t-test of expert ratings comparison

on their expertise in human-computer interaction, as well
as their level of experience with the UAN. Each of these
subjects compared the two sets of UAN design
representations to the interface prototype and rated each set
at 36 of the 180 cells of the model. (Since aciual design
representations were being rated, the only relevant level of
the Scope axis was the design activity, Each UAN design
description was therefore rated for each combination of the

Number of Mean Difference in t value pvalue
Observations Ratings
36 0.361 3.28 0.0012

Since the new version of the UAN was developed using the
model of behaviora] representation techniques, we can
conclude that the model does provide useful function in 3

statistically measurable way.
SUMMARY AND CONCLUSIONS

Qur original goal of improving the User Action Notation
(UAN) revealed the need for a taxonomical model for
discussing, comparing, and evaluating behavioral user
interface design Iepresentation techniques, We developed
such a mode] through a process of observation, theory
formulation, and evaluation. The model contains three
dimensions, each with discrete attributes: Scope (activities
within the interface development process that can use the
technique), Content (interaction components that can be
Tepresented), and Requirements (qualities such gg
learnability, accuracy, and reliability).

It was not possible to evaluate the model on the basis of
completeness, but it wag evaluated with regard to reliability
and utility. Through two empirical evaluations, we have

shown that our model of behavioral represeniation
techniques is reliable for incident mapping and technique
analysis. We used an extension of Cohen's kappa as a
measure of agreement to show that subjects agreed, beyond
the level expected by chance, on mappings from critical
incidents observed in the use of representation techniques to
cells in the model. On average, we achieved more thap
75% of the possibie agreement beyond chance. We thug
conclude that this model should be useful to behavioral

technique, even if results are being compared across
different individuals/analysts. The fact that the model
tested reliably also Suggests that there are discrete,

to novice interface designers/analysts. This reinforces the
idea that an interface designer/analyst should be able to
recognize these attributes, select the ones that are most
important in their environment and choose a technique
accordingly using the model and associated ratings of
behavioral representation techniques,

The wutility of the model Wwas also demonstrated in terms of
its ability to provide the basis for an improved version of
the UAN, Users gave the new UAN 44% higher subjective
ratings. Also, the quality of task descriptions made using
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the new UAN was Judged to be 26% beiter than those
created using the original UAN.,

The model provides the ability to predict probiems with
behavioral fepresentation techniques in areas where none
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