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Java has emerged as a powerful programming language for developing platform-independent,
interactive and computational-based software that can be used on the World-Wide Web through a
Java-enabled Web browser. The paper introduces the Java programming language, its advantages
and disadvantages, and its characteristics for developing interactive instructional applications on
the WWW. The interactive and computational capabilities of Java are demonstrated through a
simple matrix assembly Java applet. With this applet, students assemble element equations into the
global equations for structural analysis using the bar element. The matrix assembly applet features
a graphical user-friendly interface, on-line help and interactive feedback.

INTRODUCTION

THE DEVELOPMENT of the Internet, a network
of networks, allows the interconnection of com-
puters separated by tens of inches or thousands of
miles. The number of users and Internet hosts are
growing at an exponential rate and there is no
reason to expect this rate will do anything but
continue to increase. The Internet offers a great
potential for the rapid and cost-effective exchange
of massive amounts of information. The World-
Wide Web (WWW, W3, or the Web [1, 2]) is
that part of the Internet which exists and is
included in Hypertext Markup Language
(HTML) and its method of exchange, the Hyper-
text Transport Protocol (HTTP). The WWW
has allowed the finite element method universal
resource (FEMur) development team to create and
disseminate information in hypermedia format, a
combination of hypertext [3, 4] and multimedia.
HTML allows for the combination of diverse
information, including plain text, pictures, sound
clips and animation/video clips. These hypermedia
documents are placed on an Internet-connected
computer running a WWW server, which allows
the documents to be accessed easily and instantly
by anyone with a computer, an Internet connec-
tion, and a WWW browser (such as Netscape/
Mosaic/Lynx/Internet Explorer/Hot Java [5±9]).

A significant part of the teaching process
involves the delivery of course-related information
to students. Recent developments in computer
networking technologies offers new ways to per-
form this function. There have been several
attempts to use the development of the WWW

for engineering instructional purposes. These
efforts are directed towards creating course material
in multimedia format using HTML [10±14] and
making it accessible world-wide through the Inter-
net. Thus far, the student's role in this learning
process has been largely passive; the student navi-
gates through the information on the Web pages
by clicking on hypertext links, making an edu-
cation on the Web no more interactive than the
reading of a textbook. This use of WWW for
teaching and learning lacks the interactive
component essential for the learning process.

The HTML language is continuously evolving
to incorporate new features needed to produce
multimedia documents. This constant evolution
makes it impossible for the makers of Web brow-
sers to incorporate data handlers for all available
WWW content. Web browsers use helper appli-
cations, third-party software applications the user
can configure to work with his/her Web browser,
to process/handle unrecognized Web data (such
as Microsoft Word documents, PostScript files,
Shockwave multimedia files, RealAudio audio
files, and MPEG video).

The introduction of the Java programming
language [15] extends the capability of HTML
documents by allowing developers to integrate
platform (computer hardware and operating
system) and browser-independent features into
Web documents that were formerly available only
through user-installed platform-dependent helper
applications. Java provides programmers with the
freedom to create interactive content for the Web
by developing new data types and the methods to
operate on them. When a Java-enabled browser
(e.g., Netscape Navigator version 2.0 or higher or
Microsoft Internet Explorer version 3.0 or higher)
encounters the HTML Java applet tag, the browser* Accepted 1 June 1997.
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requests the necessary Java code from the Web
server on which the code resides. The Java code,
passed around the WWW in compiled form as
a `class', encapsulates data and the functions
necessary to manipulate that data.

The beauty of Java is that there are no specific
limitations on what the Java language can be used
to do. For security reasons, however, there are
restrictions on how Java code can access the
computer on which it is run (in this way the user
is protected from misguided and/or dangerously
unskilled programmers).

Java applets can display graphics (still or ani-
mated), play audio files, and receive user input
from the mouse and keyboard. Web documents
come alive because the computer can respond
instantly to a user's input; no longer is the user
forced to supply the computer with responses via
fill-out forms submitted through common gateway
interface (CGI) scripts/executables. The computer
can now become an active participant in and
computational tool for the information dissemina-
tion process rather than a clumsy CRT `book'.

The authors are currently using Java to develop
a prototype interactive learning tool for the one-
dimensional bar element. The interactive learning
tool for the finite element method is called
FEMur-CAL (Finite Element Method universal
resource for Computer-Assisted Learning). This
FEM tool does not replace the conventional class-
room experiences, but provides supplementary
instruction to students who need extra help. The
prototype will be integrated into the `Learn the
Finite Element Method' component of the Finite
Element Method universal resource (FEMur).
FEMur is a World-Wide Web site maintained by
the authors of this paper and its URL (Uniform
Resource Location) is http://femur.wpi.edu/.

OVERVIEW OF JAVA

Java is both a program environment and a
programming language developed and maintained
by JavaSoft, the Sun Microsystems company
responsible for Java [15]. Java has been tailored
specifically for networked computing, such as that
which takes place on the Internet. Languages such
as C��, Pascal, and FORTRAN require extensive
libraries and experienced programmers to achieve
the same degree of networked functionality. Any
program that is written in Java can run on any
computer as long as the `Java Virtual Machine' is
inside. The Java Virtual Machine (JVM) [16] is a
programming standard for an imaginary machine.
The standard reflects the basic capability of all
computer platforms (all CPUs as well as all wind-
owed operating systems). When writing code in
Java, a programmer is not writing software for a
particular hardware/software platform but instead
for the JVM. Any computer can execute Java code
by becoming (through software) this Java Virtual
Machine.

The Java programming language allows the
developer to build both applets and standalone
applications. Applets are pieces of compiled code
that are referenced within Web pages (HTML
documents) on the WWW. An applet requires a
Java-enabled browser such as Netscape Navigator
2.0 or higher [5] or Internet Explorer 3.0 or higher
[8] to run. An example of an applet is the matrix
assembly program in Section 5. Standalone pro-
grams are written in almost the same way as
applets, but do not require, nor do they use, a
Web browser. Almost all computer programs in
common use are examples of standalone appli-
cations, including Microsoft Word, CorelDRAW!,
and Lotus Notes.

The Java source code is written in the same way
that code for any other language is written. Java is
an object-oriented programming (OOP) language.
The roots of Java syntax lie in C��, but it should
be stressed that Java is not merely a refinement of
C��; Java is at its core quite different from C��.
The Java programmer's job is being made easier as
new and powerful tools, libraries, and integrated
development environments (IDE) are becoming
available for every platform. Java source code is
compiled using a Java compiler, which creates
platform-independent Java bytecode. This byte-
code is unlike normal machine code in that it is
written for the JVM and is not, therefore, native to
any particular processor or operating system. Web
pages that contain Java applets include the applets
through the use of the HTML tag hAPPLETi (an
extension to HTML originally proposed by Java-
Soft) [16]. This HTML tag refers the Web browser
to the location of the applet's code. A Java-enabled
Web browser (which is platform-dependent soft-
ware) reacts to an hAPPLETi tag by downloading
the Java class that is referenced in the tag. If the
specified class requires code that is contained in
one or more additional classes (which generally is
the case), these supporting classes are then
retrieved from the server. As each class is retrieved
it is examined and any additionally required
supporting classes are retrieved. This process
continues until the browser has downloaded all
the classes that have been referenced within any of
the already downloaded code. Once the classes
are downloaded, the browser executes the code
through a Java interpreter (which is the software
that emulates the JVM).

Java is often referred to as an `interpreted and
compiled' language. There is a performance
penalty resulting from the required code inter-
pretation, which has been reduced by the recent
incorporation of just-in-time (JIT) compilers into
Web browsers. JIT compilers transform the
platform-independent classes into native machine
code for improved run-time performance. The only
Web browsers that currently support Java are
Netscape Navigator 2.0 or higher [5], Microsoft
Internet Explorer 3.0 or higher [8], and Sun's Hot
Java 2.0 or higher [9].

Version 1.0 of the Java Development Kit (JDK)
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[17] appeared in mid-January 1996. At the time of
this writing, the current version of Java is 1.1 Beta
3. Versions of the JDK are available from Sun for
SPARC/Solaris, X86 Solaris, Microsoft Windows
NT/95, and MacOS. Third-party versions of the
1.0.2 JDK have been made available for Windows
3.11, IBM OS/2, Linux, and other UNIX plat-
forms. The JDK as supplied by Sun includes: Java
classes, source, compiler, interpreter, appletviewer,
debugger, documentation generator, and appli-
cation programming interface (API) documents.
The most complete archive of Java applets,
tutorials, and links to sites is Gamelan [18]. Official
information and links to various Java applets
can be found at http://www.JavaSoft. com/applets/
index.html. Current USENET newsgroups include:
comp.lang.Java(theoriginalandstillmosttrafficked
Java newsgroup), comp.lang. Java.advocacy, com-
p.lang.Java.announce, comp. lang.Java.setup, com-
p.lang.Java.programmer, comp.lang.Java.security,
comp.lang.Java.tech, and comp.lang.Java.misc.
The documentation distributed with the JDK is
very useful, but not comprehensive. Additional
material must be read and understood before
anyone can be proficient in Java; this material
can be found in Java newsgroups, Java books
[19, 20], and the many excellent tutorials [21] on
the Web.

Java is not the only programming option open
to Web developers wishing to bring interactive and
dynamic documents to the WWW. On the heels of
Java's success other competing and co-operative
technologies have been developed. Included in
these alternative technologies are: JavaScript [22],
JavaBeans [23], OpenDoc [24, 25], and ActiveX
[26].

JavaScript is Netscape's Java-like platform-
independent, object-based scripting language.
JavaScript is particularly useful for those with
limited programming experience as it uses a sim-
plified syntax and specialized built-in functionality
to provide a wide variety of form verification and
interaction options.

The technologies of JavaBeans, OpenDoc, and
ActiveX were all created using the increasingly
popular component model. This new approach `is
based on the concept of component software: self-
contained, reusable software modules. You might
think of component software in the same way you
think of components for a home stereo. When you
create a home stereo system, you can buy different
companies' stereo partsÐa cassette deck, receiver,
CD player, or speakersÐbecause you know that
they all have a standard interface and will work
together. Components in a [component model]
software applicationÐfor example, a text editor
component, database component, online network
component, or multimedia service componentÐ
all share a standard interface, and will work
together . . .' [27].

JavaBeans is JavaSoft's portable, platform-
independent Java-coded component model technol-
ogy. JavaBeans components will run in ActiveX, in

OpenDoc, and in Netscape. OpenDoc is the
platform-independent component model technol-
ogy developed by Apple, IBM, Novell, SunSoft,
Taligent, and the XSoft Division of Xerox Cor-
poration. `OpenDoc offers a document-centric (as
opposed to application-centric) model for com-
puting' [28]. ActiveX is Microsoft's platform-
semi-independent component model technology.
ActiveX includes support for Java. ActiveX con-
trols can be developed through programming
tools such as Visual Basic, Visual C��, Visual
J��, Borland C��, and Borland Delphi or
through desktop applications including Micro-
soft Word, and PowerPoint. ActiveX does not
yet approach the platform-independence of Java,
though Microsoft claims this is ActiveX's goal.

ADVANTAGES AND DISADVANTAGES OF
USING JAVA

The authors feel that Java has the following
advantages for the development of software in an
academic environment:

� Tailored for the Internet. The Java language is
unique in its built-in handling of the network
protocols required to send and receive data
across networks such as the Internet. For the
programmer, Java has made accessing a file
stored remotely (on a Web or FTP server) as
easy as accessing a file stored locally (on a user's
floppy or hard disk). Programs can easily be
written to allow world-wide access to and
interaction with various information resources.

� Platform independent. The major strength of
Java is that most software developers are no
longer forced to choose between computer
platforms, or expend great resources porting
code from one platform to another. Further,
code/class resources developed by others are no
longer unavailable for use by programmers
simply because the platform on which they
were developed is different. The authors find
platform independence extremely attractive.
Academic communities are littered with a vast
assortment of computers and operating systems.
Personal preference and differing computing
needs have led to campuses with operating
systems that include MS Windows, MacOS,
and the many flavors of UNIX. Educators'
resources are rarely large enough to allow for
the porting of code from one platform to
another. Choosing one platform means exclud-
ing others and thereby limiting the usefulness of
the resource to students and contributing
faculty. Beyond the local campuses, platform
independence greatly increases the usefulness
of developed resources to the world-wide
Internet community.

� Interactive content. Java is making Web pages
dynamic. The user provides his/her input with
the familiar computing tools of keyboard and
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mouse and receives feedback through live/still
video and sound.

� Computation aspects. Java allows a Web
environment in which numerical analysis can
be performed on computationally intensive
engineering problems. This capability gives edu-
cators the freedom to present students with
open-ended questions, where the user can be
involved in every aspect of problem definition,
exploration, and solution; in the past, inter-
action has only been possible through a fixed
set of options presented in fill-out forms.

� Java applications run locally. Java runs the Java
applets locally, rather than requiring a constant
and slow continual transfer of data from a
remotely-located Web server. An applet is
downloaded in its entirety before it is run; this
does not mean that data cannot be passed
between the applet and remote data servers as
the applet is run. The old method of interaction,
CGI programs, required the Web serving com-
puter to make every content displaying decision;
with this arrangement, interactive Web content
was both difficult to manage and slow.

� Security. Security is a significant concern
whenever files are being received from an
unknown or untrusted site. Harm can come to
a computer in many forms, including a com-
puter virus (a program which propagates by
inserting its code into the executable code of
other programs often ending in the damage/
destruction of floppy or hard disk files) and a
Trojan horse (a program which claims to per-
form one desirable function while instead
providing an undesirable function). The Java
language and program environment have tried
to address these concerns by restricting the ways
in which a misguided programmer can access the
resources of the computer on which his/her code
is executed.

Some other advantages are discussed in [16]. Some
disadvantages of using Java include the following:

� Programming knowledge. Java is a programming
language; programming experience and/or great
patience and free time is required to turn ideas
into Java code. Java is syntactically based
upon C��. Anyone familiar with C��, or
any object-oriented programming language,
will find the transition to Java programming
fairly natural [19]. Those with little knowledge
of C/C��may find the alternate technologies of
JavaScript, JavaBeans, OpenDoc, and ActiveX
to be more useful. The power of Java will
become increasingly available to novice users
as Java programming tools become more avail-
able. Visual tools, visual resource workshops
and integrated development environments are
available from companies including Symantec
[29], Borland [30], Microsoft [31] and JavaSoft
[32].

� Performance concerns. Since Java must be inter-
preted as it is executed, there are valid concerns

regarding the code's execution speed. Various
remedies for this have been proposed. The
current remedy being most widely employed is
the use of JIT compilers. In this way, platform
independence is maintained and performance is
improved.

� Available code. Java is in its infancy. The avail-
ability of third-party classes and programs is still
weak when compared to the availability of code
for C��/FORTRAN/Visual BASIC. Program-
mers working in Java must create many of their
own classes to handle tasks for which they
would be able to obtain third-party libraries in
other languages. This is common for any new
programming language.

Some other disadvantages of Java are addressed in
[16].

USING JAVA TO DEVELOP INTERACTIVE
INSTRUCTIONAL COURSEWARE

Educators have been using the Web this past
academic year in courses to post course guide-
lines, homework, etc., and to develop courseware
(instructional modules) [10±14, 33]. The second
author has worked with two undergraduate stu-
dents in developing learning modules for bar and
beam elements [14]. These modules can be used as
part of a introductory finite element course, matrix
structural analysis course or any other course in
which the instructor would like to introduce basic
FEM concepts. The modules include sections on
element assumptions, sign convention, solution
characteristics, formulation, rigid body modes
and example problems. Almost all of the instruc-
tional courseware that can be found on the WWW
today is completely static and offers no significant
advantages over textbooks. New advances in tech-
nology demand an evolution from this out-dated
approach to instruction. Java has given the Web
the power of continuous, interactive, real-time,
visual, and aural instruction.

When accessing a Web page, instead of click-
ing on a passive screen of images and text the user
can be prompted for a response by offering an
interactive menu while on-line instructions are
delivered through an audio/animation sequence.
The method of presenting courseware will pique
students' interests and understanding of the
course material. The rich multimedia flavor of
CD-ROMs can now be found in the academic/
corporate networks and the Internet [34].

To both demonstrate and test Java's usefulness
in an academic environment, the authors have
developed a Java applet that allows a student to
learn the steps involved in the stiffness matrix
assembly process found in the finite element
method (Section 5). A student using any Java-
enabled browser could load the finite element
method tool and interact with it through an
input device such as a mouse. The assembly

B. Cabell V et al.400



applet presented in this paper provides a different
learning experience than Java Beam [35] and Java
FEA applet [36]. Java Beam and Java FEA applet
are programs similar to commercial FEM codes
and do not focus on the mechanics of learning the
finite element method.

A JAVA APPLET EXAMPLE FOR THE
FINITE ELEMENT METHOD

A matrix assembly applet was developed to
demonstrate how Java could be used to develop
an interactive learning environment for the finite
element method on the WWW. The matrix assem-
bly applet can be found at location http://femur.w-
pi.edu/Interactive-Learning-Tools/. The JDK 1.0
for Windows 95 [17] was used in applet develop-
ment. A Java-enabled Web browser such as Nets-
cape Navigator 2.0 or higher [5] is required to run
the applet on the Web. If your browser does not
support Java, the matrix assembly applet will not

load. The authors would like to emphasize that
the matrix assembly applet can be used on any
computer platform, i.e., MS Windows 95, MS
Windows NT, Macintosh MacOS, Sun SPARC
Solaris, Linux, as long as the computer has a
Java-enabled browser. The source code for the
assembly applet can be found at http://femur.
wpi.edu/Interactive-Learning-Tools/Source/. The
processing power of a 486 66 MHz computer
with 8 Mb of RAM is sufficient to run the applet.

Consider the example problem in Fig. 1 where
steel columns are used to support the symmetric
loads from the two floors of a building. A finite
element model consists of two one-dimensional bar
elements as shown in Fig. 2. Buckling is neglected
in this example. The student will use the Java-
enabled Web browser to go through the interactive
stiffness assembly procedure. Once the appropriate
HTML document is loaded, the assembly applet is
executed on the host computer and on the terminal
screen the student is presented with the element
stiffness matrices. The matrix assembly applet is

Fig. 1. Problem definition.

Fig. 2. Finite element mesh.
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shown in Fig. 3. The force/displacement relation-
ships of elements 1 and 2 are shown in Figure 3 in
terms of global node numbers. The element stiff-
ness matrix is of order 2� 2 since it relates two
nodal forces to two nodal displacements, i.e.
fe � Ke ue. The student then defines the size of
the global force/displacement relationship for the
problem. Since the mesh contains 3 nodes with one
degree of freedom per node, the force/displacement
equation relates 3 nodal forces to 3 nodal displace-
ments through a 3� 3 global stiffness matrix, i.e.
f � Ku. Once the equation size is defined by the
student, the Java applet will generate the empty
global force/displacement relationship as shown in
Fig. 4.

The stiffness matrix K of the structure under
consideration can be found by using the direct
assembly method [37]. It states that the contribu-
tion of all elements are simply added into the
global stiffness matrix according to the degrees of
freedom (node numbers in this case) associated
with the elements. This process leads the forma-
tion of the global stiffness matrix for the entire
structure. The assembly process using the applet is
carried out by dragging an element stiffness term
and dropping it into the appropriate position in
the global stiffness matrix. The drag and drop
feature of the learning environment is shown in
Fig. 5.

Fig. 3. FEMur-CAL matrix assembly, applet one.

Fig. 4. Empty global force-displacement relationship, applet two.
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Fig. 5. Done.

Fig. 6. FEMur homepage.
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The matrix assembly applet has been developed
with the following educational features in mind:

� Interactive learning capabilities. When an ele-
ment stiffness term is assembled into the global
stiffness matrix the student is informed whether
or not the term was placed correctly. If an
incorrect assembly step is done, the student has
the option of trying again or allowing the soft-
ware to show the correct location. The user can
also request that the assembly process be done
entirely by the software on an element stiffness
term basis or element stiffness matrix basis.
The restart button can be used to restart the
assembly process.

� Color coding of element stiffness matrices. Each
element stiffness matrix has been assigned a
unique color so that the student can more
readily develop an intuitive feel for the relation-
ship between the local stiffness elements and their
global stiffness matrix placement. When stiffness
terms from different elements are added together
(combined) in the global stiffness matrix the
color of the matrix position is represented by a
combination of all element colors.

� Zero stiffness terms. The `zero fill' button will
zero out all unoccupied and non-zero positions
in the global stiffness matrix.

� Developer's feedback. The feedback button pro-
vides an electronic mechanism for the student to
notify developers regarding any technical and
content problems that arise during the execution
of the applet.

� On-line help. On-line help has been included if
any additional information or clarification is
needed regarding the features described above.

FUTURE DEVELOPMENT OF AN
INTERACTIVE LEARNING TOOL FOR THE

FINITE ELEMENT METHOD

The authors are currently developing a Web site
for the finite element method called the Finite
Element Method universal resource (FEMur) and
its Internet address is http://femur.wpi.edu/. The
FEMur homepage is shown in Fig. 6. FEMur
includes: Resources for FEM on WWW and
Learn the Finite Element Method.

Resources for FEM on WWW is a collection of
organized links to FEM on the World-Wide Web.
Some resources include commercial FEM codes,
textbooks, other FEM homepages, consulting
services, newsgroups, university, government and
personal homepages, and professional societies.
Learn the Finite Element Method is a modular
resource that will include theoretical aspects and
design/analysis applications of an element in an
electronic textbook form. The authors are cur-
rently developing a prototype FEM interactive
learning tool for the one-dimensional bar ele-
ment using Java and JavaScript that will be
integrated into the Learn the Finite Element

Method component of FEMur. The interactive
learning tool for finite element method is called
FEMur-CAL (Finite Element Method universal
resource for Computer-Assisted Learning). The
matrix assembly applet in the previous section
demonstrates on a small scale how Java can be
used to develop an interactive learning environ-
ment for the finite element method that has a
friendly graphical user interface (GUI) and on-
line help. Future updates of the FEM interactive
learning tool can be found at URL address http://
femur.wpi.edu/Interactive-Learning-Tools/.

The student will begin an on-line interactive
session in FEMur-CAL by starting with the prob-
lem definition and the mesh topology. The student
will then proceed to solve the problem in a step-by-
step manner according to FEM. Fill-out forms will
be used to implement the interactive interface within
the WWW browser. The student will also go
through the process of working with and solving
the finite element matrix equations on-line. Results
will be displayed in graphical and tabular forms.

The authors would like to emphasize that the
objective of FEMur-CAL is to be a learning tool
and it is not intended to be used for commercial
purposes in analyzing and designing industry-
sized problems. Furthermore, FEMur-CAL is not
a substitute for the conventional classroom experi-
ence. FEMur-CAL is intended to supplement the
classroom as well as be available for examination
review and virtual make-up classes.

CONCLUSION

The Java programming methodology is new and
there remain some inadequacies and bugs. However,
Java supports a new paradigm in computer pro-
gramming by allowing programmers to create
platform independent and Web browser executable
software. The future of development effort on the
Web utilizing Java appears to be very promising.
Since its introduction in the summer of 1995, major
software development companies such as Microsoft,
IBM, and Oracle [38] have licensed the technology to
integrate the Java programming methodology into
their WWW-based software products.

This paper provides an overview of Java pro-
gramming language and its use in the development
of interactive content for the WWW. A demonstra-
tion applet written in the Java language has been
developed for the stiffness assembly procedure. It
will be used as an interactive learning tool for the
finite element method. The applet program can be
executed on any computer connected to the Inter-
net and running a Java-enabled Web browser by
accessing the URL http://femur.wpi.edu/Interac-
tive-Learning-Tools/. General information and
learning resources on the Finite Element Method
may be found at the same site by browsing http: //
femur.wpi.ed/. Up-to-date information regarding
this paper can be found at http://femur.wpi.edu/
Journal-Papers/IJEE/.
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