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Executive Summary

With the avent of windonv based operating system interfaces,
Graphicd User Interfaces (GUIs) have anerged as the de fado means
by which users employ computer programs. Nonetheless GUIs
represent only a single interface — that between the user and aher
software. In the field of Computer Science, designers, developers and
programmers are schooled primarily in the implementation o
agorithms in oder to solve problems. In many instances, the
concerns of the users are mnsidered orly as an afterthought to the
development of a mde base designed to addressa problem or provide
utili ty to users. At best, user interfaces are aldressed by programmers
or designers other than those resporsible for core dgorithms or
Processes.

We eplore two prominent platforms by which many computer
scientists gain their first experiencein developing a GUI — JavaSwing
and Tcl/Tk (pronourced tickle/tee-kay). Sun Microsystems has
provided an extensive, web-based tutorial for JavaSwing in order to
asgst programmers and developers in the design and implementation
of GUIs for their Java mde. On the other hand, Tcl/Tk is not a
proprietary product, except as distributed by vendors, therefore there is
no foremost authority to provide atutoria for it. A handful of tutorials
have emerged as a primary means for developers to oltain elementary
skill in employing Tcl/Tk, as well as a freely distributed computer-
based training appli cation cdled Tcl Tutor.

We as how well the JavaSwing and Tcl/Tk tutorials and freeware
address GUI design principles, demonstrate where this foundational
instruction fals short of addressng criticd human factors concerns,
and dscuss ®me of the fundamentals of GUI design. We propase
how these todls can be improved to include dements of design crucial
to users.



I. Introduction

With the avent of window based operating system interfaces, Graphicd User Interfaces
(GUIs) have amerged as the de fado means by which users employ computer programs.
Nonetheless GUIs represent only a single interface in complex software system — that between
the user and other software comporents. Today's Sphsticaed software has numerous
interfaces between program comporents and modues. Arguably, the GUI is the most criticd
interface from the software users’ perspedive.

In the field of Computer Science, designers, developers and programmers are schoded
primarily in the implementation d algorithms in order to solve problems. Their focus is on
designing algorithms that are efficient, robust, and scdable. Accordingly, the skill s to buld or
develop proficiency in crafting usable GUIs often come from freely avail able tutorials and haw-
to’s, independent learning and self-study on the part of programmers. In many instances, the
concens of the users are considered orly as an afterthought to the development of a wde base
designed to addressa problem or provide utility to users. At best, user interfaces are aldressed
by programmers or designers other than those responsible for core dgorithms or processes.

In this work, we explore two prominent platforms by which many computer scientists gain
their first experience in developing a GUI — JavaSwing and Tcl/ Tk (pronounced tickle/tee-kay).
JavaSwing is an extension d the Java programming language that enables developers to create
GUIs for Java source @de, which can subsequently be employed on \arious architedures like
PCs (running Linux or Windows), Macs, Sun Workstations and aher computing platforms. Java
and JavaSwing are products of Sun Microsystems. Tcl/Tk, which stands for Tod Command
Language (Tcl) and its aswociated todlkit (Tk), is a vendar-independent scripting language and

development environment creaed at UC Berkeley and intended as a library package for the C



programming language. Our hypothesis before beginning this analysis is that these platforms
and the tutorial resources assciated with them provide a sufficient badkground regarding
programmatic concerns, bu despite their intended use & GUI development todls, the material
for introducing programmers to JavaSwing and Tcl/Tk falls short of addressng user concerns at

any length.

Il. Background

JavaSwing is a component of the Java Foundition Classes (JFC) for the Java programming
language. The Java language was first introduced by Sun Microsystems in 1995 and is
somewhat unique relative to ather high level object oriented languages. Programs written in the
Java language ae first compiled into Java bytecode, and then this code is run through a Java
interpreter which must be installed on the platform on which the cde is to run. This alows
programs written in Java to be compiled orce distributed, and then run an the various computer
architedures like those mentioned in the Introduction. In order to make Java amore compelling
choice for program development, Sun introduced the Abstrad Windowv Todkit (AWT)
comprised of classes and methods that programmers could use or extend in arder to crede GUIs.
Although there were anumber of problems with the AWT, Sun introduced JavaSwing and the
JFC in 1997to replace AWT tedhndogy, with the intention of enabling easy GUI development
as well. The JFC is comprised o five other comporents in addition to JavaSwing, yet
JavaSwing is the most sizable dement of the JFC. JavaSwing is a colledion d 17 pubic
padkages of custom classes and methods for creaing GUIs. This means that programmers have
arich set of tods for creding GUIs that suit their needs, as well as the ability to extend the

classes and methods provided by JavaSwing for customization.
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Figure 1 — An Example JavaSwing GUI

In order to become famili ar with the capabiliti es
and comporents of JavaSwing, Sun provides an
extensive web based tutorial for programmers
through their corporate web site. This tutorial
addresses most of the commonly used classes and
methods of JavaSwing — at least those that are
required in oder to program fully functioning
GUIs. Even thowgh there is a wedth o
information available to the user, only a few
pages are required in order to creae afunctional
GUI. By way of example, Figure 1 shows a GUI
that was created in less than a day by a

programmer who had never used JavaSwing

before or programmed a GUI.

The JavaSwing tutorial provides discusson d the comporents that are used to creae aGUI,

example mde segments, fully functional code that can be copied, compiled and run by the user,

and screen shots of what the provided code shoud look like when it is run ona native interpreter.

Unlike the relationship between Sun and Java, Tcl/Tk does not have a single, corporate entity

to control its distribution and owrsee its use. Perhaps this dems from the fad that Tcl, the

preaursor to Tk, was created by John Ousterhou while he was on sabbatical from the University

of California— Berkeley in 1988. Tcl differs from Javain that it is not viewed by the ommunity

as a programming language. It is more like ascripting language and was originally intended by

its creaor as a library for the C programming language. Ironicdly, after working at Sun for a



few years uponleaving Berkeley, Ousterhou spun df his own company, cdled Scriptics, which
maintains a Tcl/ Tk developers exchange web site.  Notwithstanding, Tcl is vendar-independent,
and is updated and re-released by a @mnsortium of developers. Like Java, Tcl is distributed at no
cost, and has a graphics cgpability as well, knowvn as Tk. Tk is an extension d the Tcl language
and povides widgets, which are similar to objeds in ojed oriented programming, for
programmers to use in creding GUIs. It was developed after Tcl’'s initial release and first
becane avalable in 1P1. Currently, the Tcl/Tk distribution is available through the Tcl/Tk
developers web site mentioned above. This web site, though, dces not provide the same kind o
comprehensive tutorial that Sun maintains for JavaSwing. It does, however, provide pointers to
numerous tutorials and dscusson forums hosted by other developers or those interested in
Tcl/Tk. Also, thereis afredy available computer-based training application that provides users
with a self-paced tutoria in a standalone setting.

With an abundance of material that provides programmers with an introduction to bah
JavaSwing and Tcl/Tk, we took the oppatunity to asses these resources in how they address
conceans regarding GUI development beyond pogrammeatic issues. We have explored and
asessd the JavaSwing tutorial provided by Sun ontheir website, four of the many tutorials
available for Tcl/Tk, as well as the computer-based training application knavn as TclTutor.
Based on ou hypothesis, we turned a aiticd eye to any discusson d the principles of GUI
development included in the materials, and accordingly, discuss ®me of those principles in
detail. Following our assessments and review of GUI design principles, we propcse suggestions
for improving the eisting tutorials and offer concluding comments. Throughou this work, we
offer examples and demonstrations of what the tutorials are cgable of and the usefulnessthey

offer to the programmer.



Ill. Assessing the JavaSwing Tutorial

Aside from books or independently provided courses or courseware, al with an asociated
cost, Sun povides numerous tutorials on their web site cvering a variety of topics, particularly
those related to its Java programming techndogy. These tutorials are provided at no cost and are
readily accesgble to anyone with a cwnnedion to the Internet. The Sun website is easily
seachable and a query for JavaSwing on it returns the tutorial as one of the most relevant hits.
Like other tutorials on the Sun web site, the one for JavaSwing is referred to as a “trail”. This
trail is organized into seven individual lesons and owver 125individual web pages, with content
ranging from an introduction to JavaSwing to detailed explanations of how to use many of the
avail able comporents. While some of the pages are quite brief, presenting only a single screen
of information, dhers are extensive, thorough and require repeded scrolling. If aprogrammer is
completely unfamiliar with JavaSwing, they may work through all of the lesons squentially in
order to gain a working knowledge of how to employ the GUI classes and methods. For those
interested in immediate functiondlity, expertise can be gained by focusing on a few key
comporents of a GUI. If one is returning to the tutorial to gain more advanced o specific
information, atable of contentsis provided so that the desired content can be quickly located and
aaces=d. By their own cdculations, Sun estimates that the entire JavaSwing tutorial could be
completed in lessthan ten hous.

As Figure 1 demonstrates, a programmer possessng intermediate knowledge and experience
with Java can work through the initial lesson materia rapidly and deploy a functiona and
pradicd GUI in amatter of hous. For reference the GUI in Figure 1 serves as an interface for a
functional code base of abou 8,000 lines of Java and was developed in ten person-hous,

including time spent reading and referring to the tutorial and developing the required JavaSwing



code. Compared to the code base, the GUI required only abou 250 lines, or 2.5% of the entire

projed. We leave it to the reader to determine if working with the simple yet effedive GUI in

Figure 1 represents and advantage over working with the series of command lines that would be

required to garner the same functionality, as siown in Figure 2.

FgMamba - SecureCRT
File Edit “iew Options Transfer Script “window Help

=] E3

S e e e =

Figure 2 — A Demonstration of the Command-Line Sequence Correlating to Fiqure 1

Along with dscusdng the functional components of JavaSwing, the tutorial addresses such

concerns as layout and screen geometry management, yet it does s in referenceto programming

conceans and nd what the user of the GUI may
require. As we seein Figure 3, the JavaSwing
tutorial address the layout of a window, yet it
offers no suggestion as to when one layout would
be preferable to the others or what feedbadk the
programmer shoud seek from the user with
regards to pdentiad use. This represents an
oppatunity for Sun to provide some guidance for
programmers and developers who may be seeking
such diredion. This could easily be dore with

pointers to design standards or organizations
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which advocate good wsability design. Also, the overwhelming balance (over 60%) of web
pages in the tutorial are eplicit “how-to’'s” which include very little discusson aher than
implementation cetalls. This further demonstrates the sparse nature of material concerning the
usability of the interfaces developed with JavaSwing. While JavaSwing provides a rich set of
todls for developers to quickly and easily produce functional GUIs, and a detalled tutorial that
minimizes the time required to attain proficiency, we note that Sun could easily integrate design
guidance into the tutorial. This would serve to nat only enhance the quality of the interfaces
developed with JavaSwing, bu also broaden the skills of those programmers who lean to

develop GUIs through Sun'stutorial.

IV. Assessing the Tcl/Tk Tutorials and Computer-Based Training

While JavaSwing and Tcl/Tk can bah be used to quickly develop wser interfaces, there ae
many stark differences between these two platforms. Primarily, they represent functionally
diverse programming paradigms. Whereas JavaSwing is a comporent of a high level objed
oriented language, Tk is an extension to a scripting language intended to complement a
procedural programming language, and neither Tcl nor Tk apart from eat ather would be highly
useful in today’s graphically driven, desktop visuali zation operating systems. Even though they
are both dstributed fredy, Java and JavaSwing are in much wider use than Tcl/Tk. Thereisa
vibrant community of Tcl/Tk users and developers, however, as evidenced by the cnsortium
behind the Tcl/Tk developers exchange (http://wwv. tcl . tk) and the various web sites that
offer tutorials covering Tcl/Tk. Herein, we asss the usefulnessof the material covered in these

tutorials, aswell asthe TclTutor applicdion.



The first thing one natices when browsing the tutorials avail able for Tcl/Tk is the heterogeneity
in the sources of these materials. While most appea to be asciated with acadlemia, the
geographical dispersion d the institutions that host these web sites demonstrates the wide spread
aaceptance of Tcl/Tk. Thetutorials we reviewed are:

1. The Tcl/Tk Tutorial, hosted by Kansas University (http://hegel.ittc. ukans.
edu/ t opi cs/tcl tk/tutorial-noplugin/index.htm)
2. The Tcl/Tk Cookbook, heted by the Courcil for the Central Laboratory of the
Reseach Courcils in the United Kingdom (http://waw. dci.clrc.ac. uk/
Publ i cat i ons/ Cookbook/ i ndex. htm )
3. Tcd/Tk Made Easy, hosted by the California State University, San Luis Obispo
(http: //wwmv. csc. cal pol y. edu/ ~dbut | er/tutorial s/winter96/tcl/)
4. Graphicd Applications with Tcl and Tk, hosted by an independent developer and
pubisher (ht t p: // www. pconl i ne. com ~erc/tcl . htm)
The depth of material presented in these tutorials ranges from very broad and topicd, as is the
case with Graphical Applications with Tcl/Tk, which is little more than an advertisement for a
Tcl/Tk book authored by the developer who created the tutorial. The Tcl/Tk Tutorial and The
Tcl/Tk Cookbook, which are the most expansive of thaose reviewed, are not as szeale & the
JavaSwing tutorial. They do, havever, present sufficient treatment of Tcl/Tk, which is a more
limited tod relative to Java and JavaSwing. These tutorias incorporate Tcl as well as the
graphicd extensions provided by Tk. The Tcl/Tk Tutorial consists of 13 lessons or chapter, with
embedded pdnters to more explicit discusson, code segments and screen shats. Unfortunately,
most of the material addresses the basics of Tcl, and wery little Tk. The Tcl/Tk Cookbook,
however, devotes most of its ten chapters to Tk in addition to the basics of Tcl, and provides the
same kind d embedded panters to screen shats and expanded dscusson as thase foundin The
Tcl/Tk Tutorial. Strictly in terms of GUI development, The Tcl/Tk Cookbook is superior.

Neither of these tutorials, however, devotes any discussonto the principles of GUI design andis

mostly programmatic in nature.
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e Color Edite In order to gain the most rapid understanding of how to

deploy Tcl/Tk, Tcl/Tk Made Easy presents materia that

Green guides users though crafting a working GUI and application

Blue in lessthan 30 minutes. Although na highly functiona or

0 useful, this demonstrates how quickly a novice can adapt to
set

these todls and hegin developing a GUI. An example of the

work described aboveis siownin Figure 4.

Figure 4
Along with these tutorials, TclTutor, afreely distributed computer based training applicaion,is
available for download and self paced learning. It is expansive, consisting of 43 lessons with
material presented in ore of three levels of verbaosity (novice, intermediate, expert) which can be

toggled by the user at any time. Sample code

Bl TciTutor 2.0 betad H=] E3
- B ) [ CEMRN PR |

i nCl udl ng Com rrents’ and a TCI i nterpraa’ Wlth Ouput #14: Tcl Data Structures 101 - The list - Level: Beginner

The listis the basic data structure to Tcl. A list is simply an ordered collection of stuff, numbers, words, strings, etc. Each 2
entry in a listis treated as a single unit, even though it may be composed of several words or even multiple lines of text.
Forexample, a command in Telis a listinwhich the first list entry is the name of a cammand, and subseguent members
ofthe listare the arguments to the command,

display are integrated into the gplicaion, thus
The entries in a list are separated by white space. Ifan entry has white space within it, then that entry is enclosed within
braces to make a single entry. An empty list entry is denoted by a pair of braces with nothing between them ().

H - H Lists can be created in several ways

alowing the user to modify or write example code,

by setting a variable to be a list of values
set st {{itern 1} {item 2} {itern 3}}

wiith the split command

run it, and Mew the output all on ore screen at the setlstSpliiter 1 fern 2 3]

[ Lesson

set x "a b o
puts "Item 2 of the list {$x} is: [lindex $x 2]in"

same time. This leaning and development
set y [splic 7/4/1776 "/™)
|put3 "e celebrate on the [lindex $v 1]'th day of the [lindex 3y 0]'th monthin"

environment is depicted in Figure 5. T e s e ik

set i 0O
foreach j §x {

Despite dl of its rich fedures and capabiliti s, || pucs i = teen munner 6 diss a0 |

i
(] Example Code

TclTutor contains no materia discusgng @ ez e e iestan e s e :

e celebrate on the 4'th day of the 7'th month

i command resembles: puts {arg 2 is 7 4 1776}

employing Tk — al 43 lesons are devoted strictly to

a iz item nuwber 0 in list x
L iz item number 1 in list x
© iz item nuwber 2 in list x

Tcl, hence there are no graphicd user interfaces or

comporents that can be aeated with this tod. ¢ Oum H

Figure 5
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Unfortunately, there is no Tk counterpart to or modue for TclTutor currently avail able from the
applicaion provider. Asatod for leaning Tcl, however, it is highly useful.

As with the JavaSwing tutorial, any discusson d GUI design principles is noticedly absent
from the Tcl/Tk resources. Even though there ae a variety of stakeholders associated with
Tcl/Tk, the available tools limit their focus to programmatic concerns and ggtting users to
program GUIs as quickly and easily as possble. With notheoreticd underpinnings, one can see
how GUI development could easily diverge from a sound lasis of design and result in hard to
use or inadequate interfaces. It would be quite helpful for Sun and the various Tcl/ Tk suppaters
to consider some of the GUI design principles discussed below for inclusion in their respedive

material.

V. Discussion of GUI Design Principles

Since GUIs first became prominent not only as a way for users to interad with programs, bu
aso in desktop themed operating systems, a significant body of literature has developed
addressng the @ncerns that designers must consider with regard to usability as well as
functionality. One of the seminal texts introducing the nation o usability alongwith dscusson
of testing methoddogies, heuristics, evaluation and implementation is Usability Engineering
(Nielsen 1993. Init, the author proposes me of theided charaderistics of a GUI, including:

e gpedking the user’s language

» using natural dialogue

* maintaining interna and external consistency
» clealy marking shortcuts or exits

* preventing errors as opposed to simply reporting them
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Spe&king the user’ s language means portraying the user as the reference point for any exchanges
of dialogue between the application, the GUI and the user. This can be demonstrated by not
acasing the user of making mistakes or using the software improperly, but rather suggesting
what the user could to corred an error or guide them to a more likely approach. At design time,
programmers foud consider the context in which messages will be displayed to the user and
asuume nothing abou the level of expertise or proficiency of the user. Comments $roud be
helpful rather than critical, and shoud correlate to the needs of the user. Using natural dialogue
means avoiding technicd terminology simply because the programmer is more comfortable with
predse technicd terms as oppased to conversant diadlogue. GUIs dould be cmonsistent, bah
within themselves and with ather GUIs or applicaions. This meansthat if aparticular key stroke
or menu item refers to a certain function when a GUI or its application is in a given state, then
that key stroke or menu locaion shoud refer to the same or a similar functionin al of the other
states that the software can bein. In the same manner, symbaols ioud be used and dsplayed in
a mnsistent fashion as a program transitions from state to state. Various applicaions, while
offering different functions, shoud adhere to the same mappings between symbadls, functions and
meanings aaoss platforms and implementations. Shortcuts, exits and aher capabiliti es shoud
be marked in manner correspondng to their function. For example, an icon d a printer would
clealy indicate what button shoud be dicked in order to print what the user is interested in, but
icons of a broom or a scisor may not be dearly understood by novice users who are unfamiliar
with an applicaion a computersin general.

Along with underlying theory, there are many offerings that discuss pradicd implementation
isaes regarding GUIs. For example, Developing User Interfaces (Olsen 199§ serves as an

intermediate text for computer programmers in order to develop an awareness of design
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considerations, and interleaves them with demonstrations of how those principles apply on
various techndogicd platforms and in dfferent programming languages or tednologies.
Sufficient treagment is given to bah the technicd and visual elements of GUI design and
development. Also, The Essential Guide to User Interface and Design (Galitz 2002 is a
mammoth vdume integrating theory, design principles and pradicd advice for the programmer
and designer, yet it does $ in a manner independent of any single platform, techndogy or

language.

VI. Suggestions for Improvement

Clealy, the oppatunity exists for the stakeholders overseeng JavaSwing and Tcl/Tk to
combine the materia in their tutorials with some of the required background undyrstanding and
theoreticd isaues pertaining to GUI designs. Both of these platforms purport themselves and
demonstrate to be ided for rapid GUI development. Along with swiftness of implementation,
those administering JavaSwing and Tcl/Tk tutorials shoud consider, at a minimum, reference to
some of the semina work that has been dorein GUI design. Along with pantersto some of this
material, it would not require a significant amount of resources to include tail ored discusson d
some GUI design principles which correlate to the software cmporents that each platform
offers. Sun, which has aready placed considerable investment of time and resources into its
expansive JavaSwing tutorial, would serve the programming community well to extend their
materials to include references or additional material with the existing tutorial. While the Tcl/Tk
development community is more dispersed and not unified as a single corporate entity, the
Tcl/Tk developers exchange could include such pointers along with links to the various tutorials

and work to advocate usability concerns along with the Tcl/Tk tod itself. From a more general
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perspedive, thase who manage GUI development projeds shoud ensure that their programmers

have some backgroundin GUI design principles or aqquire it before cding begins.

VIl. Discussion and Conclusions

For some, using a GUI represents a trade-off. It abstrads the user from the processes that the
underlying software is performing and can sometimes complicae acomplishing what could
otherwise be dore directly. Many users, however, prefer the convenience and reliability of a
GUI for performing tasks or interading with software. In developing usable, functional GUIs,
JavaSwing and Tcl/Tk are just two of the numerous techndogies avail able to programmers. The
readily avail able tutorials and aher materials asociated with them make them an easy choicefor
the programmer that has never worked in GUI development or who wishes to doso quickly or
amost effortlesdy. What we have as®ssd, however, has proven to be more science than art —
that is, the focus of the material is on the technical or programmatic issues of developing a GUI,
and nd the design considerations that shoud be taken into aceournt well before development
begins. Those @ncerns shoud na stop at design time. They shoud be integrated into an
iterative design, development, and improvement process correspondng to whatever software
development methoddogy is employed, and can hopefully contribute to better user interfaces.

Lastly, we note that whil e the resources we have examined for thiswork are dl fredy avail able
over the Internet at no cost to the user, most of the materias related to GUI design principles are
proprietary and stem from commercial entities and adivities. While there may be amonetary
cost associated with dbtaining these skill' s, programmers who seek to develop GUIs would
benefit from adding these skill s to their repertoire. An investment in such at an early stage

would likely contribute to a return on that investment at some later point. Managers and
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programmers shoud develop an awarenessof GUI design principles and the shortcomings of the
available tutorials. This would likely contribute to better results and fewer resources wasted on

the development of poaly designed ar inadequate GUIs.
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