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Abstract: This paper reports on experience ob-
tained during the design, implementation and use
of a multi-paradigm query interface to an object-
oriented database. The specific system which has
been developed allows equivalent data retrieval
tasks to be expressed using textual, form-based
and graph-based notations, and supports auto-
matic translation of queries between these three
paradigms. The motivation behind the develop-
ment of such an interface i1s presented, as is the
software architecture which supports the multi-
paradigm functionality. Feedback from initial user
trials with a dual-paradigm version of the system
indicates that users can use it to perform complex
query tasks without difficulty, that given the choice
users overwhelmingly prefer the graph- based to the
text-based interaction style, and that graphical vi-
sualisation of textual queries appears to aid users in
query construction.
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1 Introduction

The application of object-oriented techniques to the
area of database management has been extensively
researched, and a range of commercial systems have
been developed which are used to support a variety
of tasks relating to data intensive applications. This
level of activity, however, has not been matched by
comparable progress with query interfaces, and in
many commercial systems query language support
is limited to a subset of the facilities offered by SQL
[9]. Such limitations are particularly unfortunate be-

cause the rich schema structures of object-oriented
systems present opportunities for effective visualisa-
tion of data model constructs [1].

The work presented in this paper seeks to overcome
some of the weaknesses in commercial query inter-
faces to object-oriented databases (OODBs) through
the development of novel graphical query interfaces,
and by exploiting the potential for automatic trans-
lation between alternative paradigms. The decision
to pursue a multi-paradigm approach was motivated
by a range of observations: while there is an emerg-
ing standard textual query language for OODBs
based upon SQL, there are alternative query lan-
guages described in the literature, and no such con-
sensus exists with respect to graphical interfaces;
different proposals have been made for direct ma-
nipulation interfaces to OODBs, but there is little
empirical evidence as to the effectiveness of alter-
native approaches; experience from other areas sug-
gests that different users or tasks may be best served
by different interaction styles, and that support for
alternative paradigms may make a system accessi-
ble to a wider range of users; textual languages are
often more powerful than their graphical counter-
parts, and there is the hypothesis that users can
learn about a textual language as a side-effect of us-
ing a graphical interface.

This paper is organised as follows. Section 2 outlines
the principal design issues addressed when develop-
ing the multi-paradigm interface, and presents its
overall architecture; section 3 describes the exper-
iments which have been conducted to evaluate the
system with users; section 4 summarises the princi-
pal results of the user trials; section b indicates how
this work relates to other research on the design and



use of database interfaces; section 6 presents some
conclusions and areas for future research.

2 Interface Design

This section describes the design of a multi-
paradigm query interface [7] for the Object-Oriented
Database ADAM [11], in which three different query
paradigms including the textual (Daplex) [12], form-
based and graph-based have been implemented.
Each query interface is a separate component, but
the option is provided to translate between any of
the above query paradigms. The architecture of the
multi-paradigm query interface is presented in fig-
ure 1. All of the interfaces use the same object-
oriented structures to describe queries internally.
These structures are constructed incrementally in re-
sponse to user operations, and can be mapped into
the internal form of the optimiser, which is used
to plan efficient evaluation strategies. The object-
oriented internal form is defined as a collection of
ADAM objects associated with methods to support
the automatic translation of queries between differ-
ent paradigms.

The visual representations required by the three ex-
isting paradigms are very different — the textual
(Daplex) interface requires an editor window into
which queries can be typed; the form-based inter-
face requires a class browser where all the classes of
the database to be queried are displayed; the graph-
based interface is based on two picture windows, one
depicting the database schema graph and the other
the query graph. All the interfaces require an op-
eration panel which consists of a number of buttons
providing facilities for constructing, editing and exe-
cuting the query, or for translating the current query
into other query paradigms.

The visual representations of queries in the textual,
form-based and graph-based interfaces are distinc-
tively different— the textual query is simply a string;
in the form-based interface, each class of interest to
a query is represented as a form; in the graph-based
interface, each class or scalar attribute of interest to
a query is represented as a box, and subsequently,
the boxes are linked to each other to form the query
graph. The inter-paradigm query translation facil-
ity enables a query to be constructed in the multi-
paradigm query context. For example, users can
start to build a query using the graph-based query
interface, then translate it into the textual language

so that the query can be completed by editing the
translated query in the textual query window.
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Figure 1: Overall architecture of the multi-paradigm
query interface.

3 Experiment Design

3.1 Experimental interface and

database

The interface used in the experiment was a dual
paradigm query interface which consists of the tex-
tual and graph-based query interfaces displayed in a
single window as illustrated in figure 2.

In the dual-paradigm query interface, graph queries
are formulated by direct manipulation using the
popup menus attached to the boxes in the query
graph window which are created as a result of click-
ing on boxes in the schema graph window. Textual
queries are entered by typing in the textual query
window. The basic structure of a textual query in-
volves iteration over classes of objects, and the ap-
plication of functions to those objects to retrieve
scalar or object attribute values. Automatic trans-
lation between the graphical and textual queries can
be invoked by clicking on the corresponding transla-
tion buttons (i.e —> Teat or —> Graph) in the dual-
paradigm query interface.

In this experiment, queries for use in training and
evaluation were drawn from a graduate student ad-
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Figure 2: Dual paradigm query interface to the OODB ADAM.

misston database which concerns applications for ad-
mission to postgraduate study at the University.

3.2 Experiment

The experimental procedure is illustrated in figure

3.

Subjects: Subjects were recruited from among the
Computer Science postgraduate students at Heriot-
Watt, and thus all had significant computing expe-
rience. A total of 12 subjects participated in the
evaluation, of which two were chosen for videoing.
The subjects are assumed to have some familiarity
with the procedure for admitting students to post-
graduate degrees, the information which is stored in
the example database.

Tasks : There are four queries presented to the
subjects in the training session. A set of instruc-
tions on how to perform each of the training queries
was provided to the subjects. In the evaluation ses-
sion, subjects were given four additional queries to
complete without external assistance.

Training session: Subjects were given the op-

portunity to learn the facilities supported by the in-
terface to be evaluated, and to enhance their under-
standing of the database schema being used. During
the training session, the subjects were free to ask for
guidance on using the system, and were encouraged
to think aloud, giving comments and suggestions on
the usability of the interface. The training session
was designed to ensure that subjects had similar lev-
els of exposure to each of the two paradigms.

Evaluation session:
subjects’

During this session, the
activities were carefully observed and
recorded, and a logfile kept to help with identifica-
tion of recurring problems when using the interface.
The completion time and the number of errors en-
countered for each query task were measured to yield
quantifiable results. At the end of the evaluation
session, subjects were asked to put down their com-
ments and suggestions for improving the evaluated
interface, and to grade the intuitiveness, suitability
and effectiveness of the query interface.
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Figure 3: The evaluation process.

4 User Feedback

4.1 User Behaviour

Preference for the graph-based paradigm :
There 1s evidence of an overwhelming preference
for the graph-based query interface in the evalua-
tion session. Subjects used only the graph-based
query interface to perform their tasks; none of them
used the textual query interface even though they
received similar training in both paradigms. It was
noticeable that it took subjects more time to gain
comparable levels of familiarity with the textual
paradigm than the graph-based paradigm. Subjects
also appeared to be more at ease with the graph-
based paradigm in the training session.

Preference for the graphical translation : Dur-
ing the training session, only 6 out 12 subjects
opted to view the textual translation when using the
graph-based paradigm, whereas 10 out of 12 subjects
chose to see the equivalent query graphs when using
the textual paradigm. It is interesting that subjects
indicated that they only wanted to see the textual
translation out of curiosity, and they expressed min-
wmal interest in learning the syntaxr of the textual
language in the absence of any well-defined reasons
to do so. On the other hand, subjects using the tex-
tual paradigm indicated that they wanted to see the
graphical visualisation of the textual query in order
to confirm and enhance their understanding of the
query.

Tendency to start querying from destination

class : In OODBs, relationships are often described
in a directional manner, and thus depicted in a graph
by an arrow from one class to another. Users tended
to develop queries by navigating from the class asso-
ciated with the answer to the query, even though this
may involve going ‘backwards’ along many relation-
ship links. It is clear that interfaces must support
straightforward navigation through relationships in
both directions.

Tendency to exploit query reuse : About half
of subjects built a new query by editing the previ-
ous one. This emphasizes the potential of a query
history mechanism which allows past queries to be
saved or recalled.

Tendency towards schema querying : Subjects
tended to construct a query graph by focusing upon
and selecting items in the schema graph rather than
the query graph.

4.2 User Expectations

Subjects suggested that the following be added to
the interface used in the experiment:

e A clearer boundary between the textual and
graphical paradigms.

e An on-line hypertext help system.

e User control over the initial amount of informa-
tion provided.

e User control over the formatting of query an-
swers.

e The use of different colors to represent different
data types.

4.3 User Satisfaction

In general, subjects satisfactorily used the interface
and successfully performed the query tasks in the
evaluation session. An error was recorded when sub-
jects did not formulate the query correctly (type 1),
or became stuck and asked for assistance (type 2),
or failed to complete query after 15 mins (type 3).
There were only 2 errors of type 2 recorded dur-
ing the evaluation session with 12 subjects over four
query tasks. User preference scores for the intu-
itiveness, suitability and effectiveness of the interface
were graded on a scale from 0 to b, and averaged 4.0,
4.3 and 4.5 respectively. These quantitative results
have shown the overall success of the experimental



system in meeting users’ requirements and expecta-
tions. The extent to which this success derives from
the dual-paradigm nature of the interface is, how-
ever, less clear.

5 Related Work

This section discusses to related work on single or
multi paradigm query interfaces to OODBs, and on
database interface evaluation. The review of single
paradigm query interfaces to OODBs in this sec-
tion covers only textual and graph-based query in-
terfaces, which are the paradigms used in the exper-
imental interface.

The textual query paradigm is the most widely re-
ported approach to querying OODBs. Most of the
textual query languages are extensions of SQL [2].
The O query language [6], like that of the tex-
tual query language in the experimental interface,
has a functional flavour. Typical graph-based query
interfaces for OODBs are [8, 5, 10], in which at-
tributes of a class in the database to be queried
are displayed along the edges of graph, and query
graphs are constructed by direct manipulation of the
schema graph.

In [4], a framework for a multiparadigmatic vi-
sual query environment is proposed which supports
form-based, diagrammatic and iconic paradigms,
and which also allows switching between different
paradigms during the querying process. However,
no associated working prototype has been described.
A multimodal querying approach for an Object-
Oriented Database is presented in [14], in which
queries can be independently expressed either in
graphic, iconic or textual paradigms, but translation
between different query paradigms is not supported.

A number of authors have conducted practical eval-
uations of query interfaces for relational databases.
For example, [3] reports on an experiment in which
the textual language isql was compared with the
form-based language Simplify and the natural lan-
guage interface Data Talker in the context of the
relational model.  The evaluation showed that
no interface was best overall. An evaluation of
an application-specific dynamic query interface is
presented in [13], where it was shown that the
application-specific graphical interface was able to
consistently out-perform general purpose query in-
terfaces. To the best of our knowledge, there are
no existing publications which present evaluations

of multi-paradigm query interfaces to OODBs.

6 Conclusions and Future

Work

The first outcome of the user testing was to con-
firm the power and elegance of a multiparadigm in-
terface system supporting automatic translation be-
tween a query expressed in one form and any other
supported form. The guarantee of consistency be-
tween the different forms, whichever was the ini-
tial one chosen, was an essential prerequisite for any
meaningful investigation of user preferences and be-
haviour. However, in the event user preferences were
such that the power of translation was seldom exer-
cised in practice, except during the training sessions.
Given a free choice users showed an overwhelming
preference for the graph-based interface. Further,
this preference was backed up by performance, in
that users were almost completely successful in car-
rying out the prescribed queries with the method of
their choice.

Secondly, when pressured into working with the tex-
tual representation, users often made use of the abil-
ity to translate the query into a graph-based equiva-
lent as a means of checking out their understanding
of the query. The availability of the graph-based vi-
sualisation appeared to add confidence and insight,
but these impressions need to be tested more thor-
oughly in a context where users use the textual lan-
guage as their primary vehicle (either because of its
power, sole availability on a particular system, or
because they are required to learn it). A compar-
ison between a group using only the textual lan-
guage, and another where the graph based visual-
isation was available, but no execution or editing
of the graph-based query was allowed, could throw
light on the extent to which the graph-based repre-
sentation aided comprehension, or supported correct
expression of the required query.

Once users had seen and used both of the available
paradigms, it was difficult to persuade them to use
the text-based formalism for any purpose at all. In
the ”text versus graphics” debate, these results rein-
force the view that users new to the system (though
not necessarily new to the domain) show a domi-
nant preference for the graphical method, and per-
form extremely well with it. However, further work
is needed to identify the extent to which this con-
clusion might be modified by experience with the
system, by the nature of the task, or by the back-
ground and expectations of the users.

Another important issue is query reuse. The present
system does not support a history mechanism; only



the most recent text-based and the most recent
graph-based query are available when the user starts
work on a new query (and the two extant query relics
may or may not be equivalent). Given the addition
of an effective mechanism for saving and browsing
past queries, it would be of great interest to dis-
cover whether a preference might appear for editing
a previous textual query in cases where only sim-
ple changes, e.g. to attribute values, were required
to obtain the new query. It would be important to
investigate this in the context of real tasks, rather
than artificial test situations where the choice and
ordering of the prescribed queries could bias the re-
sults.

A possible hypothesis concerning such a multi-
paradigm system is that given the automatic gen-
eration of the textual equivalent of commands or
queries generated by some graphical means; users
might gradually absorb the structure and conven-
tions of the textual language by a process akin to
osmosis. The results of the present investigation do
not look promising for this hypothesis, in that as
far as we could tell users totally ignored the textual
representation whenever possible. However, further
tests would be needed to ascertain whether, in spite
of themselves, users had nevertheless acquired some
knowledge, or even understanding, of the textual
query language which they would not have gained
in a single paradigm environment.
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