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ABSTRACT

The design of user interfaces for information-intensive applications is a challenging problem,
where the organisation, visualisation and manipulation of complex data are important. Visual formalisms are proposed
as a good basis for the design of interfaces to complex scientific, engineering and business applications. They are
diagrammatic displays with well-defined semantics for expressing relations.
This research work focuses on evaluating the usability of visual formalisms. We show by way of an example how to
empirically assess the effectiveness of visual formalisms supported in an object-oriented database.
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1. Introduction
Graphical user interfaces (GUI) with expressive visualisations are crucial to the success of underlying systems
that support increasingly rich semantics. Mental models and metaphors have been proposed as bases for user
interface design. Researchers who advocate mental models argue that interface design should closely match the
way a user thinks of a task, and that interfaces should
reflect people’s mental models [HHW84]. On the other
hand, other researchers believe that familiar, everyday
metaphors such as desktops should be the starting point
in interface design, since they can be interpreted by users
based on prior knowledge of the source of the metaphor
[CMK88]. Nardi and Zarmer [NZ93], however, argue
that neither mental models nor metaphors provide a good
basis for the design of interfaces to complex scientific,
engineering and business applications. They claim that
mental models are impractical, difficult to discover, and
provide confusing design guidelines for the developer.
While they accept that metaphors are useful for some purposes, they believe that metaphors lack precision and can
lead to confusion due to uncertainty as to whether parts of
the user’s prior knowledge are applicable. Instead, Nardi
and Zarmer [NZ93] propose visual formalisms as a superior basis for interface design. Visual formalisms are
defined as “diagrammatic displays with well-defined semantics for expressing relations. They are based on simple visual objects such as tables, graphs, plots, panels and
maps – objects that contain their own semantics and do
not metaphorically recreate the semantics of some other
domain” [NZ93]. According to Harel [Har88]: “The intricate nature of a variety of computer-related systems
and situations can, and in our opinion should, be repre-

sented by visual formalisms: visual, because they are to
be generated, comprehended, and communicated by humans; and formal, because they are to be manipulated,
maintained, and analysed by computers.”
In this research work, we describe one type of semantic
data modelling constructs, that is composite objects. We
use graph as well as form-based visual representations to
capture the meaning of a composite object, its structural
semantics and its relations to other objects. We introduce
the concept of “lucidity” to describe the usability of the
visual formalisms, and we summarise the results of our
evaluation strategies to show how the concept of lucidity
was used to guide the design of experiments to assess the
effectiveness of the visual formalisms.

2.

Background

Semantic data models and object-oriented databases
(OODBs) have been proposed, in part, to overcome the
limited modelling facilities of the relational model. However, such models are necessarily more complex than
their relational predecessors, and thus are less readily associated with visual representations which are suitable
for the wide range of tasks (data entry, querying, browsing, schema design, etc) associated with a database system. This problem is further exacerbated in some recent
database systems that support sophisticated semantic data
modelling constructs.
The example visualisations of modelling constructs
presented in this paper were developed within the EVE
(Extensible Visual Environment) direct-manipulation interface [PAK92] to the ADAM OODB [GKP92]. The
EVE interface (shown in figure 1) supports visualisations

Figure 1: Layout of EVE base window plus a form for browsing instances.
of a range of sophisticated data modelling constructs,
such as relationship objects, versionable objects, composite objects and active rules.

3. Example - visualisations of composite
objects
A number of objects related by the subpart relationship are collectively called a composite object [KBG89].
Each composite object has one or more subparts, each of
which may consist of other composite objects, or standard ADAM objects. The semantics of the part-of relationship are discussed in [PDB93].
The following example defines a vehicle composite
class:
composite class vehicle
attributes:
registration_number: integer;
owner:
obj person;
composite attributes:
door:
obj door,
set,
excl, indep;
engine: obj engine, single, excl, indep;
wheel: obj wheel, set,
excl, indep;
end;

In seeking lucid representations of composite object constructs, one approach which seemed promising

was to investigate the application of alternative visual
paradigms. Candidate paradigms which immediately
suggested themselves were form-based and graph-based.
Accordingly, three alternative representations of composite objects were designed. The form-based representation (figure 2) is very similar to EVE’s conventional way
of visualising class instances (figure 1), with the exception that two different types of attribute are distinguished,
namely composite (subparts) and non-composite.
In figure 3 the subpart hierarchy is depicted as a tree
in a separate window. Note that the system defined relation subpart represents a special type of relationship
between a composite object class and other classes. Thus
the subparts window, shown in figure 3, could be eliminated if, for example, we chose to use a different line
style from the one shown in the layout window (figure
1) to represent system-defined relationships. This would
enable the user to differentiate between user-defined relationships and the subpart relationship. The justification
for designing a subpart window is similar to the justification for having separate is-a hierarchy window, namely to
highlight the special semantics of the relationship, and to
prevent cluttering of the main layout window.
The representation, shown in figure 4, has all the characteristics of the form-based representation except for the
subparts, which are shown as icons under the heading

Figure 2: A proposed form-based visualisation of composite objects.
Composite Attributes (Subparts). As in the graphical representation, the user can click on any of the icons in the
form to browse the subpart instances.

4. Properties of visualisations
Visualising information, especially complex and intricate information, has been the subject of considerable research, but little of this has related to the external representation of complex data models, and in particular modern object-oriented database systems.
The fundamental hypothesis underlying the work reported here is that the usability of object-oriented semantic data modelling constructs can be enhanced by
lucid and expressive visual screen representations. Effective visual representations are of particular importance where modelling constructs are intended to capture both the structural and the behavioural semantics of
real-world concepts. The challenge for the interface designer is to find clear, concise and comprehensive representations which achieve in practice the usability gains
over textual representations which our hypothesis suggests are possible. Designing visual representations of
data models involves a kind of projection, where the
knowledge provided by the data model is transformed
(mapped) into recognisable and expressive pictorial representations. This process has parallels with knowledge
elicitation, as used by knowledge engineers in building
knowledge-based systems [McG92]. Knowledge elicitation techniques described in the literature include: document reviews and content analysis, observation, interviews, concept and vocabulary analysis, and job and task
analysis.
In [Nor88], the term visibility is used to indicate
“the mapping between intended actions and actual opera-

tions”. It is also suggested that there are occasions when
too much visibility can be a problem: “It is an excess of
visibility that makes gadget-ridden, feature-laden modern
audio sets and VCRs so intimidating.” The author also
distinguishes between affordance, referring to whether
the design of an object suggests (that is, affords) its functionality, and perceived affordance, referring to what a
person thinks can be done with that object.
According to [Gil91], visibility should be thought of
in terms of three separate dimensions, two of which are
static properties of the presentation, while the third is
dynamic. The first of the static components, accessibility, is associated with availability of information, while
the other, salience, is associated with its meaning. Accessibility and salience are both properties of the display alone, independent of its use. The third dimension,
namely congruence, is a property of the display in interaction with the user, and reflects whether the salience
of a display is relevant to the user’s task. In a complementary analysis [JDMM91], three distinct components
of usability are investigated, which account for how the
performance of a system changes with learning. These
are: guessability, learnability, and experienced user performance. Guessability is defined as “a measure of time
and effort required to get going with a system. The less
time and effort required the higher the guessability.”
Through analysis of this work and its relevance to
the derivation of visual representations for semantic data
modelling constructs in object-oriented databases, we
have been led to propose (in the next section) an additional usability dimension, referred to as lucidity. This
concept incorporates aspects of visibility and guessability, as defined earlier, but we believe it is more directly characterises the effectiveness of a visualisation of
a modelling construct for use in a database interface.

Figure 3: A proposed graph-based visualisation of composite objects.

5. Lucidity of Visual Formalisms
In [Eas84], the usability of an interactive system is defined in general as “the extent to which the user can exploit the potential utility of a system.” In other words,
usability refers to how well users can use the functionality of an interactive system. Usability is traditionally
associated with the following attributes [Shn92]: ease of
learning; high speed of user task performance; user retention over time; low user error rate; and subjective user
satisfaction.
Based on our practical experience in evaluating the usability of modelling constructs, we believe that a more
specific definition that complements the above definition
of usability and captures the special characteristics of visual formalisms is needed to guide usability specialists
when they attempt to assess the effectiveness of their visualisations.
In addition to being structural and relational in nature, our visual formalisms have meanings of their own.
In other words, they do not only bring with them their
own semantics (as is the case in pie charts or higraphs
[Har88]), but rather attempt (through processes such as
projection, knowledge distillation and organisation of visual components), to reflect the semantics of the data
model itself, and convey its meaning. This distinction
adds to our visualisations of modelling constructs an element of subjectivity, which is an important factor behind
our attempt to devise a strategy for evaluating the usability of visual representations.
Lucidity, in the context of visualisation of modelling
constructs, is defined as the extent to which a representation reflects and reveals the meaning and the structure of
the underlying data model.
With this definition in mind, designers should aim at
maximising the lucidity of visual representations. The

different evaluation techniques which are conducted during the design and development process should be devised to measure whether the characteristics of a data
model are visible to the user, and whether it is easy for the
user to guess the structural semantics of the data model,
and the function it is intended to perform. Lucidity may
be considered to have the following attributes: clarity, referring to the number and organisation of visual elements
on the screen; accessibility, referring to the ease of which
information can be accessed; perspicuousness, referring
to whether the visual formalisms convey to the user the
appropriate meaning, and to whether they can be easily
understood without confusion; and transparency, referring to whether users are able to see through the pictorial
representation to the underlying semantics. Clarity and
accessibility are directly related to the speed of performance, while perspicuousness and transparency are directly related to how much of the meaning and the structure of the underlying modelling construct is revealed.

6.

Evaluation of Visual Formalisms

The evaluation of our modelling constructs is described
in details in [AKP95, APK94]. In this section we attempt
to explain how the concept of lucidity can help the usability specialist in his/her endeavour to design evaluation
tasks to measure the usability of visual representations.

6.1 Heuristic vs. formative evaluation
The goal of arriving at lucid representations of advanced semantic modelling constructs cannot be achieved
just by following design guidelines, such as those in
[MS86] and [Bro88]. An iterative approach must be
adopted involving formative evaluation in each iteration

Figure 4: A proposed mixed-mode visualisation of composite objects.
[HH93].
Based on our experience, at least two evaluation cycles are needed to ensure that the visual representations
capture the meaning and the structure of the underlying
model. Firstly, a pre-implementation paper-based heuristic evaluation is highly recommended. Our evaluation
was conducted with the help of expert users in the fields
of databases and interface design. Secondly, a practical
(task-oriented) evaluation was conducted using prototype
implementations that incorporate the results of the first
stage of the evaluation. The second technique is known
as cooperative evaluation [MWHD93]. It brings together
designers and users in a cooperative context, so as to involve the users in the design process by giving feedback
and identifying weak points at each stage.
The different backgrounds, expertise and experience
of the representative users can provide valuable insights
when the results of the evaluation are analysed and interpreted. Our subject in the first stage of the evaluation
were all experts with considerable knowledge in the area
of databases, and in the area of user interface design and
development. Expert users can provide critical facts and
heuristics at the early stage of the design. The subject
profiles in the second stage of the evaluation (25 users) included novice to intermediate users, who are likely to be
the primary users of the system. Such users usually have
different needs, expectations and understanding of terminology. They also tend to draw different conclusions
from instructions provided by the interface [McG92].
The first stage of evaluation involved checklists, questionnaires answered by expert users, which were used
to obtain feedback on paper mock-ups of visualisations.
Such an evaluation technique offers a flexible strategy,
whereby checklists can be modified according to the nature of the evaluation, for the purpose of reaching practi-

cal quantifiable evaluation results. This evaluation strategy followed a similar approach to that presented in
[RJ89, Shn92].
Following consistent guidelines in the early stages of
interface design ensures a consistent look and feel of the
system as far as fonts, placement of menus, and wording of titles and messages are concerned. In addition
to the design guidelines, the pre-implementation evaluation aimed to explore the extent to which the initial
alternative visualisations succeed in capturing the structure and meaning of the data modelling constructs. This
was achieved by encouraging the expert representative
users to explore all initial designs of visualisations, to
give constructive critiques, and to suggest possible alternatives. The first stage of the evaluation helps the designer to avoid, as much as possible, implementing poor
visual representations that might require many revisions
and modifications later at the prototyping phase. However, some ideas might seem very appealing when evaluated on paper, and yet due to unexpected limitations in
the implementation environment, either cannot be implemented effectively, or turn out to be less effective in practice than anticipated.
In the second stage, we evaluated prototyped implementations of the proposed paper-based visual representations (see figures 2, 3, 4). All the prototypes were evaluated in parallel, and the type of formative evaluation conducted is usually known as exploratory evaluation, where
users would attempt to perform representative tasks (or
simply “walkthrough” the prototypes) and answer questions under the guidance of a test monitor. The representative users were asked to perform certain specific tasks,
and while looking at the information available to them
on screen, they were asked post-experience questions the
aim of which was to assess the usability of the system

Your task is to find the engine number of the engine of the vehicle which has the registration number: 1234.
After carrying out the task, use the information available to you on the screen to answer to each of
the following post-experience questions.
1. Who is the owner of this vehicle? How did you know?
2. How many vehicles are stored in the database?
How did you know?
3. How many doors does the vehicle have?
How did you know?
4. Can two vehicles share the same engine?
Why/Why not?
5. What will happen to the vehicle if you try to remove an owner from the database?
How did you know?
6. What fundamental difference is there in the way the registration no and the engine are modelled as properties of vehicle?
How did you know?
7. What is the fundamental difference between the way in which the engine of a vehicle is modelled compared with the owner of a vehicle?
How did you know?
8. Is an engine a normal object in the database?
Why do you think it is/Why do you think it is not?
9. Is it a good idea to have a special button in the dialog box (figure 2 and 4) which gives the user
the choice of whether to display the Subparts Hierarchy Window (figure 3) or not.
Explain why it is/isn’t a good idea ?

Figure 5: A representative evaluation task followed by post-experience questions.
in general, and the lucidity of the each visual representations in particular (see figure 5).

6.2 Designing an evaluation task
Designers and evaluators use different evaluation
methods to achieve an objective measurement of the
user/system interaction, and yet it is in fact the subjectivity of the evaluation experience of the individual users
which they are often after [CHP90].
As indicated earlier, one of our aims was to measure
the lucidity of the visual representations of the data modelling constructs supported in the EVE interface, in addition to assessing the usability of the system in general.
To do so, it was necessary to devise an evaluation task
that reflects what is meant by lucidity and how it could
be measured.
The tasks performed by our representative users in the
second stage of the evaluation aimed at exploring the following interface issues:

 Do the visual representations succeed in suggesting to the user the meaning of the data model, and
do they reveal the semantics supported by the mod-

elling constructs?

 Is it clear to the user that a construct, such as a composite object, is a normal object in the database?
 How useful are icons for quick identification of related visual representations?
 How helpful is a hierarchical overview of special
types of relationships?
It was equally important after deciding on the tasks to appraise them in order to check their representativeness and
the extent to which they explore the interface issues under evaluation. To do so, the proposed tasks were carried
out by an experienced user in a pilot investigation.
During evaluation sessions the emphasis was placed on
the reason behind how the user found a certain answer,
and why a certain conclusion was reached or a decision
made. Furthermore, an emphasis was placed on finding
out whether the representative users performed subtasks
within a reasonable period of time, which was an important factor in determining the effectiveness of a visual
representation. Users were encouraged to to think aloud,
in order to generate as much feedback as possible. This

was achieved by asking questions after performing each
subtask (such as How did you know that? or What makes
you think so?, etc). For example, by asking the representative user a question like: How many vehicles are stored
in the database?, the designer is actually interested in
finding out whether the counter in the representation is
visible to the user, and whether or not the wording is confusing.
The representative users were kept unaware of the fact
that the time taken to perform each subtask was being
monitored. Such an informal evaluation strategy created
a relaxed atmosphere, and enabled representative users to
concentrate better on the screen without interruption.
While the representative user is carrying out the task,
the test monitor records feedback information on a think
aloud protocol recording sheet. Such a recording sheet
contains questions such as: What does the task user notice? What is the task user thinking now? What kind of
clues is he/she looking for? What are the problems encountered at this subtask? What suggestions are being
made by the task user?
In general, the first two attributes of lucidity, namely
clarity and accessibility, are directly related to the speed
of performance, therefore, the evaluation tasks should
measure how long it takes the user to complete the task
successfully. The third and forth attributes of lucidity,
namely perspicuousness and transparency, are directly related to the strategy. In other words, if the visual formalism is poorly designed and the user fails to understand
its meaning or its structure, then the user’s next step is
likely to be incorrect. The user’s feedback is crucial to
assessing the perspicuousness and transparency of visual
formalisms, and the evaluation task should be designed
to allow the test monitor to elicit the user’s mental model.
Exploratory evaluations were suitable for assessing the
perspicuousness and transparency of the visualisations
because they tend to be informal and almost collaboration
between participants and test monitors, with much interaction between the two. Unlike clarity and accessibility
where the emphasis is on measuring how well the user
is able to perform (quantitative data), exploratory evaluations tend to solicit users’ ideas about how to improve
confusing areas (qualitative data).

7. Conclusion and future directions
This paper attempted to exploit another dimension in
interface evaluation, that is, the degree of lucidity of visual representations, and has demonstrated how the attributes of lucidity influence the types of experiments designed to assess the effectiveness of visualisations.
The need for expressive visual representations becomes
important as the underlying systems support increasingly
rich semantics. Our experience proved that it is possible
to make advanced data modelling constructs accessible to
non-specialist users.

Evaluation is crucial to the development of successful
interfaces with effective and lucid visualisations. We believe that cooperative evaluations play a crucial role in
bringing the designers and the users together in a context
that involves the users in every step of the iterative design
process.
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