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This paper describes the features of the Engineering Mechanics Interactive Lecture Series pro-
duced for the Department of Mechanical Engineering at Monash University. Comprising twenty
individual modules authored with Asymetrix ToolBook Il Instructor, the series utilises large format
text, two- and three-dimensional animations, mechanistic simulations and virtual experiments to
create a flexible and engaging learning environment. The modules have two modes of operation: the
first mode facilitates classroom lecturing by presenting the material as a sequential slide presenta-
tion; the second mode converts the modules into stand alone student tutorials. Each module also
features a personalised notebook for student note-taking, and Internet access for asynchronous
collaboration and consultation between students and teachers. As the modules make no educational
call upon either sound or motion video resources, they are appropriately described by the term
oligomedia

INTRODUCTION structor was best suited to the development of educa-
tional packages that incorporate mathematically based
The Engineering Mechanics Interactive Lecture Se-simulations [1].
ries (ILS) is an integrated approach to teaching fun-  While many of the simple interactive exercises
damental concepts in first year mechanical engineerwere implemented using ToolBook’s OpenScript pro-
ing. The aim of the project is to combine illustrative gramming language, the more complex simulations re-
computer animation and mechanistic simulation with quired the use of a dedicated simulation package.
the communication capabilities of the Internetto pro- TheSmulationControl Program (SCoP) provides
vide students with instructional experiences that goa high level language to define and solve the funda-
far beyond those afforded by standard textbooks omental equations describing a mechanism [2]. To fa-

static slide presentations. cilitate the use of SCoP models from within ToolBook,
the SCoP output was compiled into Windows dynamic
METHODS link libraries (DLLs), which are accessed from

ToolBook at runtime to animate ToolBook graphic
Following detailed comparison of Asymetrix ToolBook objects. In addition to utilising SCoP, some simulations
Il Instructor, Macromedia Authoware and Macro- required additional low level code to directly access
media Director, it was decided that ToolBook Il In- Windows Application Program Interfaces (APIs).

* An expanded version of a keynote address presented a]-trhls code was developed using the C programming

the 1st UICEE Annual Conference on Engineering Edu- anguage. L L
cation Most of the dynamic visualisations have thus been

* This paper was awarded the UICEE platinum award (sec-Créated by animating ToolBook objects undgen-
ond grade), by popular vote of Conference participants,SCript control, sometimes supplemented by SCoP.
for the most significant contribution to the field of engi- The remainder have been assembledaaon se-

neering education guences of bitmaps created either by digital still pho-
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tography or by the use of three-dimensional graphicturers, the Engineering Mechanics ILS provides two
authoring software. The three-dimensional modelsseparate modes of operation, lecture mode and study
developed for the ILS were created using 3D Eyemode. A keyboard toggle (Ctrl + Shift + S) is used
TriSpectives Professional and Macromedia Extremeto switch between these modes, depending on the
3D. The images were modified as necessary usingnvironment in which the material is being exam-
Adobe PhotoShop. ined.

Images and 256-colour palettes have been edited In lecture mode, each left-click of the mouse but-
and managed using Equilibrium Debabelizer Pro. Thiston displays a single block of information and the user
was essential to allow the images created with thesteps through the lecture point-by-point in a manner
three-dimensional graphical authoring tools to be ac-similar to a conventional slide show in a lecture pres-
ceptable on a 256-colour display. entation. Switching to study mode transforms the

Microsoft Equation Editor was used to develop equa-modules into stand alone student tutorials featuring a
tions quickly and simply. These equations were copiedpage-by-page display that allows for effective student
reduced to black and white using Adobe PhotoShopevision and private study.
and pasted into the appropriate ToolBook file.

The web site associated with the system was deiINTERACTIVE EXERCISES
veloped using Microsoft Frontpage 97, which allows
for easy moderation and maintenance of a web-base&ach lecture contains a number of simple interactive
discussion forum. exercises to reinforce student understanding. When

As it has not been necessary to make any use dﬂtlllsed within the lecture environment these exercises
sound or motion video, it is probably more accurate tobecome virtual demonstrations that can be used to
use the wordligomediarather thamrmultimediato heighten student interest and initiate group discussion.

characterise the software we have created. Figure 2 (a-c) illustrates one such exercise taken from
Lecture 1, Elasticity and Springs. This exercise al-
GENERAL DESIGN PRINCIPALS lows the user to investigate the consequences of

stretching a wire by varying degrees. When stretched
Figure 1 illustrates a typical screen taken from theWIthln its elastic limit, the wire is seen to snap back to
Engineering Mechanics ILS. This example illustrates its original length (2a). When the wire is stretched
a number of general design principals adhered tdPast its elastic limit, it is permanently deformed and
throughout the project: does not return to its original length (2b). Finally, if the
wire is stretched beyond its plastic limit, it is seen to

The font used to display textual information is 18pt break (2c)

regular Arial. This facilitates ease of reading when

the material is presented in a lecture environmen Another kind of interactive exercise is shown in
and also minimlijses user eve fatigue when the ILStFigure 3, using drag-and-drop techniques to reinforce
. y 9 a summary of classifications and criteria. When a la-
is used as a study resource.

) belis dragged to its correct location, its position is con-
Each screen contains only a small amount of textfimed with a green tick; if the chosen position is in-

This allows students to comprehend new conceptgorrect, a temporary red cross appears as the label is
readily as they are presented. floatedback to its starting position.

The interface is simple and intuitive. Avoidance of  These tasks can be made obligatory, if required, by
excessive backgroundecorationsand textures  restricting the user’s navigation options until they have
allows the user’s focus to be drawn directly to the been completed. However, no slidear constraints
lecture content. have been included in the current Interactive Lecture
Non-linear navigation is available from any page Series.

(slide) via theTopicspop-up menu.

Except for theforward andbackwardnavigation ILLUSTRATIVE ANIMATIONS

buttons, which are marked by universally recog- h h he | ; h i
nised icons, all other buttons are labelled unam.- " hroughout the lecture series, two- and three-dimen-

biguously in English, requiring no help text or fur- sional animations are utilised to provide students with

ther explanation a visual representation of the concepts under investi-
' gation.
LECTURE MODE VS STUDY MODE The example shown in Figure 4 deals with an ob-

ject’s degrees of freedom. After studying a textual
To cater for the differing needs of students and lec-description of the concepts, students may click the
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Figure 3: Drag-and-drop interactive exercise.
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Figure 4Mobility illustrative animation.
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Figure 6: lllustrative animation of a lift door mecha-
nism.

View button to watch as the three-dimensional cube
undergoes translation along the x, y and z axes and is
then seen to rotate about each axis.

The next example (Figure 5), illustrates the proc-
ess of drawing a velocity diagram. The student is
presented with a description of each step in the proc-
ess and then has the option to observe the line be-
ing drawn by a pencil in much the same way as
they would be required to do so if addressing a prob-
lem in the real world. By allowing students to visu-
alise otherwise abstract concepts, animations of this
type have been shown to enhance student compre-
hension [3].

This principle is extended further in the example
shown in Figure 6, which illustrates a lift-door mecha-
nism. When theStart button is clicked, the mecha-
nism undergoes a stereotyped animation involving one
complete rotation of the crank. However, the upper
left pin is actually éhot pin that can be dragged in
either direction of rotation by the user, giving a more
direct feel for the behaviour of the mechanism. This
simulation requires numerical solution of six non-lin-
ear algebraic equations that describe the motion of
the linkages, taking the user-determined position of
thehotpin as the input to the algorithm for Newton’s
iterative method of solution.
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Figure 7 shows an illustrative animation assembled
from a series of digital still images of a worm and
wheel gearing model. The animation is set in motion
by successively hiding and showing each of the
bitmaps in the sequence. This method produces a sig-
nificantly faster response time than the use of motion
video in .avi files.

MECHANISTIC SIMULATIONS

Mechanistic simulations differ from cartoon animations
in that the motion of animated objects is based on

mathematical equations that describe the fundamenEigure 7: lllustrative animation of worm and wheel
tal nature of the system under investigation [4]. Each@€aring using cartoon animation of digital photographs.

lecture module of the Interactive Lecture Series con-
tains a number of mechanistic simulations. These
simulations allow both lecturers and students to con-
duct virtual experiments by adjusting various system
parameters.

The example shown in Figure 8 illustrates the simu-
lation of a machine featuring a rotating mass. The simu-
lation describes a mechanism that starts from rest,
accelerates through resonance, remains at a uniform
operating speed for a set period of time and then slows
to rest. By adjusting the parameters of spring stiff-
ness, rotor mass, damping coefficient, time to stop and
time to full speed, the user is able to investigate the
phenomenon of resonance through interactive virtual
experimentation. The animation and graphical display
are calculated dynamically at runtime by numerical
integration of the system'’s second-order ordinary dif-
ferential equation of motion.

A simple, though educationally powerful, mecha-
nistic simulation is shown in Figure 9. This example
allows virtual experimentation with the parameters de-
termining the stiffness constant of a spring.

It is worth noting that the only virtual procedure in
this example that can be easily replicated on the labo-
ratory bench is variation of the force applied to the
spring. The remaining procedures are either physically
impossible, unsafe, or too difficult to afford a practi-
cable form of learning.

Thus, this simple example illustrates an extremely
powerful feature of these techniques, that is, the abil-
ity for computer-based virtual experimentation
founded on mechanistic simulation to transcend the
physical, logistical, financial and even ethical limita-
tions that constrain traditional laboratory teaching.

REVIEW QUESTIONS

At any time, the student can navigate to a series of
lecture-specific multiple choice questions (Figure 10).

These gquestions are cross-referenced with the lec-
ture material such that an incorrect answer provides
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the student with the option to review the relevant lec--
ture material before proceeding to the next question.
The software monitors student progress based on the
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The lecture was then implemented and made avalil-
able to content specialists for review via ftp.

Comments and amendments were communicated

first response to each question. At the conclusion of

. S via phone and email, and the appropriate changes
the test questions the user’s score is displayed. P Pprop ¢

were made.

PERSONAL NOTEBOOK It should be emphasised that each member of the
development team, ie each of the four authors of
The Interactive Lecture Series also provides studentshis paper, is trained in the basic sciences. This is
with a Notebook facility (Figure 11). This notebook crucial to our development strategy, which involves
allows students to record personal observations andur mastering all aspects of the development work:
comments to disk for later review or printing. the academic content, the instructional design, and
the design and scripting of interactive tasks,
animations and simulations. Only in regard to C pro-

gramming did any part of the work become the ex-

In recent times there has been a great deal of discugysiyve province of a single team member (Hugh
sion relating to the distribution of multimedia content Kelly). In fact, the only parts of the entire package

material over the Internet. While this is a very appeal-hat were outsourced were some of the decorative
ing concept, the present reality of the situation is thatgphics on the title pages.

the Internet simply does not provide the necessary’ Ths strategy proved to be highly cost effective
bandwidth for online distribution of graphically-inten- g totally free of the cost-overruns, extended dead-
sive applications. lines and failure of project management that so of-

The Engineering Mechanics Interactive Lecture (g plague developments in educatianaltimedia
Series circumvents these bandwidth limitations by pre-; ;5 significant that the first eleven modules were

senting the content material on CD ROM and utilising completed by the team at QED Research Unit be-

the Internet solely for the purpose of communication yyeen March and December 1997. while the remain-

between students and staff. _ ing nine modules were completed by QED Interac-
Clicking theWebsitebutton on any page in any of

the modules causes the ILS to open the default web
browser and navigate to a web page associated with
the subject (Figure 12). This website provides students
with the opportunity to post questions to an asynchro-

nous forum and to contact fellow students and staff

via email.

INTEGRATED INTERNET CAPABILITY

-
&=
=
=

DEVELOPMENT PROCESS

TETETT AV o roagh raads

Because the content specialists and the development
team were based at different physical locations
throughout the development of the Engineering Me-
chanics ILS, we formulated a distributed production
process that utilised various forms of modern day com-
munication. This process generally had a number of
stages:

Figure 11: Student notebook.

[N

m'ﬁnnirrﬂrlng Mechanice MECT400

At the commencement of each unit the develop-
ment team received either typed lecture notes or
an existing set of Powerpoint slides that formed
the basis of the content for the module.

The team then identified areas in which illustrative |
animations or mechanistic simulations could be uti-
lised to enhance student understanding.

Prototype screens of the lecture’s simulations and/
or animations were faxed to the content specialists

for comment and approval. Figure 12\Web site.
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tive Pty Ltd in a period of seven weeks during Janu-
ary and February 1998, following the unit’s privati-
sation.

This sameligomediaapproach has also been ap-

plied successfully to other educational developmentsg.
with proven cost effectiveness in the areas of elec-

tronics engineering [5][6] and economics [7].
CONCLUSION

The Engineering Mechanics Interactive Lecture Se-

ries is an attempt to integrate various emerging tech-
nologies in a manner that best exploits the unique ca-

pabilities of each particular medium. Highly interac-
tive simulations and illustrative animations are deliv-
ered on CD ROM, while the Internet is utilised for
rapid and effective communication. This integration

and the aforementioned features of the ILS resultin a

B. Chapman et al

teeing quality interactive learning resources amid
the multimedia hypeRroc. Inter. Conf. on Mul-
timedia Engng. Educ.Australia, 119-128
(1996).

Kaminskyj, I. and Chapman, B., Virtual experi-
ment: simulation of biasing circuit design for BJT
transistor.Proc. 9th Annual AAEE Convention
and ConferenceBallarat, Australia, 358-361
(1997).

6. Kaminskyj, I., Chapman, B. and Tran, P., Virtual
experiment: simulation of JFET amplifier load line
analysis.Proc. 3rd IEEE Inter. Conf. on Multi-
media Engng. and EduycHong Kong, In press
(1998).

7. Chapman, J.BEconomics: An Interactive Study
Guide Melbourne: Addison Wesley Longman
(21997).

product that offers both students and lecturers a valu-

able new tool for exploring concepts in engineering
mechanics.

We believe that we have barely begun to scratc
the surface of the limitless possibilities for enhanced
virtual experimental learning that theskgomedia
techniques afford.
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Global Congress on Engineering Education: Congress Proceedings

edited by Zenon J. Pudlowski

These Congress Proceedings contain papers submitted for th@ldiostt Con-
gress on Engineering Educatioheld at the University of Mining and Metal-
lurgy (Academia Goérniczo-Hutnicza), Cracow, Poland, between 6 and 11 Sept
ber 1998. The Congress incorporated three on-going, major and extremely
cessful international meetings: tbéh World Conference on Engineering Edu
cation, the 4th East-West Congress on Engineering Educatind the1998
International Congress of Engineering Deans and Industry Leaders

Close to 140 papers included in the Congress Proceedings present and d
research and developmental activities in engineering education carried out throug
the world. Particular emphasis has been placed on globalisation of engineg
education to stress the importance and relevance of collaboration between um
sities worldwide. Of particular interest and value are the many papers from
thors in developing countries and countries in political, economic and social tra
tion. Some of these papers present considerable achievements made over tf
few years, while others demonstrate that some of these countries still grapple
fundamental changes to be made to their systems of engineering education.
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To purchase a copy of the Congress Proceedings, a cheque for $A120 (+ $A10

for postage within Australia, and $A20 for overseas postage) should be m
payable to Monash University - UICEE, and sent to: Administrative Office
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