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Abstract

This paper discusses the results of usability testing on the inter-
face of Dyno. Dyno is a tool designed to support code reuse by
helping software developers understand what a specified piece
of code does. The tool does this by allowing a programmer
to undertake a process we call test driving. This paper looks
at the deficiencies uncovered in the initial interface, and the
implications this has for a tool aimed at helping software de-
velopers better understand code fragments so as to be able to
reuse them.
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1 Introduction

Our research looks at the questions of if and how code
reuse can reduce the amount of time and effort soft-
ware developers spend on new projects. We are con-
centrating on one of the problems often encountered
by developers trying to reuse code: understanding
what the code does, if it can be reused, and if so then
how.

We have built a prototype of a tool to help a de-
veloper better understand reusable code. The aim of
the prototype is that a developer using it should be
able to better understand code through being able to
test drive the code. We use the term test driving to
describe the process of creating and using a test har-
ness — or test code — to see what target code does
and how it can be used. Test driving is different from
traditional testing, the latter of which is already the
subject of a significant amount of research and liter-
ature. We are not testing for correctness, rather test
driving for applicability. Manual creation and use of
test harnesses is already a common activity amongst
software developers. Our prototype seeks to make the
use of test harnesses — and thereby the process of test
driving — easier and more reliable.

Because such tools fill a similar role with respect
to code reuse that CASE tools do with respect to
analysis and design, and as usability is an important
factor in the success of CASE tools [livari, 1996], we
feel it appropriate to perform usability testing on our
prototype. This short paper discusses the process and
results of our usability testing.

2 Test Driving Test Harnesses

You walk into a second-hand car dealership. You
want a cheap, reliable car, and know roughly what
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you want in a car, but you’re not sure how the differ-
ent cars in the lot match up with what you want. So
you take some of the cars for a test drive. The same
principles are at work in searching for candidate code
for reuse amongst a collection of existing code. You
don’t want to know if the code is correct with regards
to its own specifications, just as when you test drive
a car from a dealership you’re not test driving it on
the motorway to check if the brake pads still work.
Instead, you are checking if the code’s specifications
match your specifications for what you need in the
new project. We call a tool that supports this a test
driver.

The concept of playing with existing code to see
whether what it does is what is needed is not new.
Many developers currently write code that does this
for them, such as invoking library methods, passing
in different parameters, and then printing the results.
We call these test harnesses. Writing test harnesses
can be laborious however, and a source of error and
subsequent misunderstanding. We see test drivers as
easy to use and reliable tools for the creation and use
of test harnesses, thereby replacing the current time-
consuming and error-prone process.

3 Dyno

Dyno is a prototype showing how we initially thought
a test driver might look and feel. Dyno was devel-
oped using Java, and can be used on Java classes
[Marshall et al., 1999]. With Dyno a user can:

e load Java classes.

e create instances of that class (given the presence
of constructors).

e invoke methods on a class or object.
e access and modify fields.

e create visualisations documenting the user’s test
driving (this is not discussed here at all, see
[Marshall, 1999]).

As can be seen in figure 1 the interface is split into
two main components: the Object Cache Browser and
the Entity Information Browser. In the following dis-
cussion, we use the term entity to refer to a particu-
lar class, interface, object or array that the user has
loaded, or otherwise created. Due to the brevity of
the paper, we will only outline the major components
in the user interface.

3.1 Object Cache Browser

Entities are stored in the Object Cache. The user uses
the object cache browser to select the entity from the
object cache that they wish to inspect. The object
cache browser is organised as a tree-like hierarchical
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Figure 1: The main interface of Dyno, showing the methods and fields of a LinkedList class in the Entity
Information Browser. Note that the “myList” object entity (a child of the LinkedList class entity) is highlighted

in the Object Cache Browser.
LinkedList inherits directly from there.

structure. The three subtrees at the top level rep-
resent, the three categories for entities: Objects and
Classes, Interfaces, and Arrays.

A class can be loaded into Dyno from a Java class
file or from a previously saved object cache read from
a file. Instances of a class result from invoking con-
structors and from method return values. The first
subtree is ordered hierarchically, using the Java In-
heritance model for the entities, and ensuring that all
instances of an class are shown as child nodes of the
node representing that class.

A single entity can exist in more than one of the
three subtrees. This occurs if an entity is an instance
of an class, in which case it will appear in the objects
and classes subtree, and also conforms to a particular
Java interface, in which case it will also appear in the
interfaces subtree.

3.2 Entity Information Browser

The right hand side of the main screen contains the
Entity Information Browser and shows specific infor-
mation for the entity currently selected in the object
cache browser. The entity information browser is split
in half horizontally. The top half contains a table that
lists any methods or constructors that can be per-
formed. The bottom half contains a table listing the
fields. If the entity selected is a class, then only the
static methods and static fields will be shown. If the
entity selected is an instance, then only the non-static
methods and non-static fields will be shown.

Clicking on the methods in the table causes them
to be invoked (asking for any parameters if needed,
see figure 2), while clicking on the fields brings up
a window that shows the data field in more depth
(should it be of a non-primitive type).

4 Usability Testing
We have performed cognitive walkthroughs
Wharton et al., 1994 of Dyno on ourselves
Marshall, 1999]. However we now need to see
whether other developers can also use Dyno for
the purposes intended, and we are doing usability
testing for this reason. We now discuss the people
involved, and the goal, methodology and results of
this usability testing.

In this initial study, we did not expect to uncover
all of the usability problems in Dyno. It is expected
that there will be undiscovered problems with regards

Also note that LinkedList is a child of java.util.AbstractSequentialList as

the scalability of the tool, however it seems reason-
able to assume any problems discovered here will only
worsen as examples scale up, so addressing these early
errors will be to the advantage of later prototypes.

4.1 Intended Users and Test Subjects

The intended users of Dyno are Java developers of all
experience levels. They will be casual users and will
therefore not want to spend a great deal of time learn-
ing how to use the tool. This makes learnability a key
ingredient of the usability of the tool [Nielsen, 1993].

We have started usability testing on Dyno using
students at Victoria University as test subjects. All
the test subjects used have had some experience in
writing Java applications.

4.2 Goal and Method

Our goal is to find usability problems in Dyno’s user
interface. We will get an insight into how the users’
interaction with the tool matches how we thought
users would interact. The tests will show what users
expect to see, to be able to do, and where they expect
to be able to do it. Dyno can not be useful if it is not
usable. It is not our aim to prove the usefulness of the
tool, rather the areas in which it can be made more
usable.

Usability testing was performed under the guide-
lines of the Victoria University Human Ethics Com-
mittee, with regards to advising test subjects of the
purpose and nature of the experiment.

The usability testing method we used was to ob-
serve test subjects step through a list of tasks that we
asked them to do. The test subjects were told that
they were welcome to “think aloud” at all times. We
coupled this with a basic questionnaire (both pre- and
post- test session) to ask them to identify the benefits
and weaknesses of Dyno’s interface. These techniques
are typically seen as key components in the process
of discount usability engineering [Nielsen, 1993].

The test subjects were sat down in front of a stan-
dard PC running NetBSD — an environment they are
familiar with from course work — with the Dyno ap-
plication already running. The test subjects had pre-
viously been given a document describing what Dyno
is for, but that contained no information on how to
use Dyno. This was done deliberately so as to be
able to gain some feeling for how intuitive interaction
with Dyno would be for the test subjects. We then
observed the test subjects, making written notes on
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Figure 2: A method call being invoked on the java.awt.Frame class. The highlighted method is the add method,
and takes two arguments. There is little information present on what the arguments represent, although there
has been a reasonable assumption made that the component argument is the component to add. “myButton”,
a Button object in the object cache browser has been named as the value to pass through. The user does not

know what to do about the String argument however.

the way in which they tried to interact with the tool,
and on any verbal comments they made on what they
expected to happen and why they expected it.

The experiment consists of three tasks. In this
brief paper, we will only outline the tasks.

In the first task the test subjects are asked to
use two classes from the JDK to solve a collection
of problems. The classes are java.util. LinkedList and
java.util. Collections. Some of the problems require
the use of just one class, while others require using
classes in collaboration. In both cases the test sub-
ject needs to derive knowledge of what the classes can
do, and how they can be used. The test subjects are
observed as to if and how they derive this knowledge
from using Dyno.

In the second task the test subjects are asked
to use common user interface classes, again from
the JDK. The classes used are java.awt.Frame and
java.awt. Button. Method invocations on the user in-
terface classes have side-effects that are external to
the Dyno interface, such as the creation, deletion, or
modification of other windows on the user’s screen.
Use of the classes also requires using two classes in
collaboration to solve a simple problem.

In the third task the test subjects are asked
to use classes from gnu’s Java regular expression
API[GNU, 2001]. They are asked to solve a problem
using the regular expression class.

All three tasks require the test subject to be able
to find methods, invoke methods, and pass arguments
to methods. All three also require the test subject to
understand that the results of method calls can be
used in subsequent method calls.

4.3 Results

Having performed usability tests we now discuss some
of the preliminary results, and the observations we
have made.

The test subjects identified four main areas of con-
cern for the interface: knowing that the tool could do;
finding the correct order of method calls; determining
what should be used as a parameter; and information
overload.

Knowing What The Tool Can Do Test driving
tools need to be intuitive and easy to use, so as to
cut down on the amount of time and effort needed
to work them. If they take too long, or require too
much thought, the software developer will win noth-
ing over having rewritten the needed functionality in

the first place. The test subjects were divided on the
intuitiveness of Dyno’s interface.

Firstly, a number of test subjects were initially un-
sure of what exactly the object cache browser repre-
sented, and did not realise that some of the elements
were objects, while others were classes — represented
by the file and folder icons respectively.

Secondly, while most test subjects immediately
tried to invoke methods by double-clicking the
method name in the entity information browser (the
correct course of action), few made the connection
that you could do the same with the field names to
look in more depth at the data structures.

Thirdly, with respect to passing parameter values,
none of the test subjects realised early on that you
could pass existing objects through by supplying their
name, and needed to put quotes around string liter-
als. This approach was used to mimic the style with
which you pass parameter values around in ordinary
code, however it took trial and error for test subjects
to realise this. While all the test subjects worked
this out in the end, it was not as intuitive as we had
expected.

Which Method First? A common problem that
test subjects faced was that they often didn’t know
which method had to be invoked first. To get a par-
ticular piece of functionality out of a class, it is typi-
cally necessary to invoke a certain set of methods in a
given order. An example of this is with the java AWT
classes, where if you add something to a frame, you
must also invoke the “pack” and “show” methods in
that order to get anything on screen.

Sometimes method signatures alone are not
enough to work out the correct ordering for their
execution, especially when there are a lot of them.
A suggested alternative is to combine the test driv-
ing tool with the traditional forms of documentation
(best supplied by the class’s author). This would
make the test driving tool complement the current
means of understanding code, instead of trying to re-
place those means.

Difficulty With Parameters The most striking
observation that test subjects made was the difficulty
that they had in knowing what a parameter was for.
Consider that the test subject is presented with a list
of method signatures and asked to execute some of
them in a particular order to achieve a certain task.
The method name is always present in the method



signature, and is therefore a textual clue as to its pur-
pose. However parameter names are not present, un-
less the class was compiled with the debugging switch
on. This means that on occasions the test subject is
presented with a method that takes two integers and
a string, but no real idea what each represents. Fig-
ure 2 shows similar confusion over the add method in
the Frame class, that was to be used in the second
section of the experiment.

The test subject can experiment with different
combinations of values, but won’t necessarily know
where to look easily to find the side-effects those dif-
ferent values may have resulted in.

The common observation was that while executing
the methods was a useful function of the tool, there
also needed to be the traditional text documentation
(such as that produced by JavaDoc [Sun, 2001]) along
side it to provide some context for the parameters, the
methods and the class.

This reinforces the view that a test driving tool
such as this should complement, rather than replace,
traditional forms of understanding code.

Information Overload An observation that we
were expecting to see, and subsequently saw, was that
test subjects often had difficulty navigating through
the larger AWT classes that we asked them to use in
the second section of the experiment.

Both java.awt.Frame and java.awt.Button have a
large number of methods. The current layout of meth-
ods has two orderings. Firstly they are ordered by
the class that defined them, so all superclass meth-
ods are listed after the methods defined specifically
for the class under inspection. Likewise, all methods
in the immediate superclass appear in the list before
those defined in the next superclass up the hierarchy.
Secondly, all methods defined in the same class are
ordered alphabetically with respect to each other.

This works well in some situations, although it as-
sumes that the user will know a method’s name (or
likely name) when they are looking for a particular
piece of functionality. Given that the class’s author
has total flexibility in the nomenclature of the meth-
ods, and the user is using Dyno because they don’t
understand the class, the user is unlikely to know ex-
actly what name they are looking for.

Alternative orderings that were suggested by the
test subjects were to use an ordering suggested by
the class’s author (perhaps derived from any accom-
panying JavaDoc files), or have a search engine that
allows the user to search by parameter types. The
latter approach was suggested on the basis that while
they may not know the name of the method, they may
be able to make some guess as what type of informa-
tion it would need. Indeed, with the second part of
the experiment, where it was necessary to combine
a couple of interface components together, the test
subjects were uniformly searching for a method that
took a java.awt.Component as an argument, instead
of explicitly searching for a method called add.

5 Summary and Future Work

We have developed a prototype for a Java code test
driver. We have done this with the intention of help-
ing software developers to better understand how a
particular piece of Java code works, and thereby em-
power them to be able to reuse that code if appro-
priate. Having created this prototype, we have now
performed usability testing to find any problems in
its user interface.

The usability testing on Dyno has been useful in
throwing up a number of usability problems. The
ordering of the entities in the object cache browser

needs to be made clearer, and there is a lack of con-
text for the entity information, such as what the pa-
rameter names and ordering mean. There is no easy
way of finding a method in the methods table (and to
a lesser extent — a field in the fields table), and there
should be multiple possible orderings that can be se-
lected by the user. The interface for passing values
through to method calls isn’t as intuitive as expected,
and there is often too much information on the screen
for the user to easily understand.

The users were eventually able to complete the
tasks asked of them, however there is room for im-
provement in the usability of the tool. Since its use-
fulness is heavily affected by its usability, future pro-
totypes need to take into account these test findings
to better promote the reuse of code. Usability testing
has been useful for uncovering problems in the tool
that had previously gone undetected.

Dyno is our old idea of how a test driver may look.
We are currently developing a web-based code repos-
itory that will combine a test driver and a software
visualiser to create animations of the test drives.

Dyno needs further usability tests using larger
classes (and collections of classes), along with more
software developers, some preferably with experience
on large projects. This will help find more usability
issues as scale becomes more of a problem. Future
usability testing may also focus on other aspects such
as learning retention, feedback and so on.

Usability tests also need to be performed on the
software visualiser interface (not described in this
paper). Such testing should focus on three factors.
Firstly — whether or not developers are correctly in-
terpreting visualisations they are presented with. Sec-
ondly — whether the manner in which they interact
with the visualisations is consistent with good usabil-
ity. Thirdly — what makes a useful visualisation.

The usability tests performed on Dyno highlight
the mistakes to avoid in the new web-browser inter-
face, and also help in identifying where additional in-
formation needs to be included. An example of the
latter is the suggestion of using JavaDoc to add some
context to what the methods do, and the purposes of
the individual parameters.

As usable tools are developed to support software
developers understand code, so to may the appeal of
trying to find code to reuse.
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