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ABSTRACT

The introduction of Information Technology markedly changed the teaching and learning
of structural engineering. The research presented in this thesis focuses on the most basic
concepts of structural engineering by developing a set of Solid Mechanics Learning
Modules in a multimedia web-based environment. The goal is to promote intuitive
understanding of structural behavior before moving on to analytical expressions.

What is different in our approach is the composition of the audience. On the one side
there will be the first year college students in engineering who have no previous specific
knowledge of the topic but a background in basic science. On the other side there will be
the students in tertiary technical education such as community colleges in the US and the
Technikons in South Africa with some practical knowledge but with a weak scientific
background. The Solid Mechanics Learning Modules are part of a multifaceted effort,
involving the USAID funded TELP (Tertiary Education Linkage Project), the NSF
funded ECSEL (Engineering Coalition for Excellence in Education and Leadership), and
I-campus, which is funded by MIT and Microsoft Corporation. The experience and the
lessons learned from the early stages of this effort are analyzed.

To ensure cost efficiency and adoption by as large as possible audiences, the final
product is designed so that it can become a node within a network of similar products that
are or will be developed and that will eventually be linked to form an integrated web-
based learning environment for structural engineering education.

Thesis Supervisor:  Herbert H. Einstein
Title: Professor of Civil and Environmental Engineering



ACKNOWLEDGEMENTS

I would like to extend my deepest thanks to Professor Herbert H. Einstein, a man of
incomparable ethos, for his support and assistance. Working under his guidance has been
a great pleasure. I would like to thank Professor Joseph M. Sussman for his constructive
comments on my thesis. I also wish express my grateful acknowledgment to Dr. Emma
Shepherdson for her valuable support. I am grateful to the Onassis Public Benefit
Foundation for their generous financial assistance and encouragement.

Reaching the endpoint of an important stage in my life’s trip, I feel that I owe a word of
thanks to the following people who have contributed significantly in helping me reach
this endpoint.

My family. Mentioning them sounds commonplace and stereotypic but omitting them
would be hubris.

Nicholas Houstis, my cousin and friend for his support, patience, and guidance especially
in my first difficult steps in the US.

Professor Nicholas A. Ashford, for offering me the most valuable educational experience
of my life.

My Professors at the Aristotle University of Thessaloniki in Greece for offering me high-
standard engineering education. Particularly, Prof. Christos Anagnostopoulos, Prof.
Stavros Bandis, Prof. Eleftheria Papachristou, Prof. Kyriazis Pitilakis, Christos Schinas,
and Prof. Stefanos Tsotsos.

Dr. Giorgos Anagnostou, Willy Gehriger, and Nikos Kazilis for their valuable advice and
guidance on educational and professional issues.

My friends, and particularly Yannis Chatzigiannelis and Achilleas Tsamis. Certainly,
Dionysos must have been repeatedly delighted observing our endless discussions during
the numerous gourmet dinners we prepared at our home.



Introducing Basic Structural Engineering Concepts through a Web-based Interactive Learning Environment

Ki av dev unopeiq va kapeig Tnv {wn gou onwg TnV BEAEIG,
ToUTO Npoondadnoe TouAayioTov

000 WNOPEIG: Unv TNV €EeuTeAilElg

HEG OTNV NOAAR CUVAQEIG TOU KOOHOU,

HEG OTEG NOAAEG KIVROEIG KI OMIAIEG...

KwvoTravTivog M. KaBaeng



Introducing Basic Structural Engineering Concepts through a Web-based Interactive Learning Environment.

TABLE OF CONTENTS
ABSTRACT 1
ACKNOWLEDGEMENTS 3
TABLE OF CONTENTS 5
LIST OF FIGURES .cucccciurinsccsnsnssisnosuesssninsssasasssnsssrsssssssssssssssssssssssssssssssssnssssassasssassnsssssss 9
CHAPTER 1: INTRODUCTION 11
CHAPTER 2: INTRODUCING THE VERY BASIC PRINCIPLES OF STRUCTURAL

ENGINEERING - 13
2.1 INETOdUCHION .ccuerirerrssncsrcsrcsasssisonsrssassnsrssssssstossasssssssssasasasssssssssssasssssasssssssosssssesse 13
2.2  Teaching priorities — Pedagogical issues 14
2.3  Developing intuition 15
24  Conclusion 17
CHAPTER 3: USING COMPUTERS AND INFORMATION TECHNOLOGY FOR

INTRODUCING THE VERY BASIC PRINCIPLES OF STRUCTURAL

ENGINEERING 19
3.1 Introduction .19
3.2  Advantages 20
3.3 Disadvantages 22
34  Conclusion - Summary 23
CHAPTER 4: THE ARCHITECTURE OF THE SOLID MECHANICS LEARNING MODULES. 25
4.1 Introduction 25
4.2 Defining the CONLENL cuurinierrinnrentniecssssnsnisnisssssecsisiesssssnessssessssssssessssesssssssas 26
4.3  The AUAIENCE......cuceoiiervinriinnsersrnisnsisenssssserscsenssassessssssssssssssssasssssssssessssssassasaas 27




Introducing Basic Structural Engineering Concepts through a Web-based Interactive Learning Environment

4.3.1

4.3.2

44

44.1

4.4.2

44.3

4.5

4.6

4.6.1

4.6.2

4.6.3

4.6.4

4.6.5

4.6.6

4.6.7

4.7

Group A: The first and second-year university students

Group B: The Students in the tertiary technical education

Setting the educational goals

Developing user’s intuition

28

30

Direct correlation of structural engineering teaching to real world design

31

Providing the framework for the introduction of analytical expressions.. 32

The characteristics of the methodology 33
Subtopics 35
Interactivity - Multiple choice quizzes 36
Control 36
The software platform 37

The content of the Solid Mechanics Learning Modules..........cceccececenuissasenene 38
Introduction of the beam 42
Load types 42
Load transfer to supports 43
Support Configurations - Stability 45
Support Configurations — Deformations . 47
Analytical expressions of equilibrium 48
Internal forces......uivrveicncieiensecscensssncsassnssncasnas 50

Conclusion ... .51

CHAPTER S: THE TECHNOLOGY-EDUCATION INTERFACE ........ 53

INErOAUCLION coeeeeernreraiireerssernsnnsssssiossassansssssssnsssassssssssarsssssssssssssssasassassssssassensens 33

5.1




Introducing Basic Structural Engineering Concepts through a Web-based Interactive Learning Environment.

5.2 Combining education and economic development in developing countries —

The case of South Africa 54
5.3 The Textbook Effort 58
5.4 The CD-ROM Effort 59

5.5  The experience gained from the ITTEEDSA and the “follow on” projects.. 61

5.6 Conclusion 65
CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK....cvennenee 67
BIBLIOGRAPHY ..ucevivniersnrcscnsossssssssssssssssssansssassassessasssasasesaesasssassssesssssssssssssssssssassassnssssss 71
APPENDIX: STORYBOARDS OF SEVERAL SUBTOPICS ....eceerrraeessanssssnsasssssasssssassasssssancses 73




Introducing Basic Structural Engineering Concepts through a Web-based Interactive Learning Environment




Introducing Basic Structural Engineering Concepts through a Web-based Interactive Learning Environment.

LIST OF FIGURES
Figure 4-1: Setting the framework of the Solid Mechanics Learning Modules ...... 26
Figure 4-2: Methodology followed in the development of each subtopic .............. 34
Figure 4-3: Basic control path (based on Figure 4.2 Shepherdson 2001) ............... 37
Figure 4-4: Real-world pictures incorporated within the Solid Mechanics Learning
MOUIES ...ttt 39
Figure 4-3: A typical QUIZ 1aYOUL......ccccviiiriiiiiriiiii e cee et e e 40
Figure 4-6: Storyboard ........ccoveiiiiiiii e e 41
Figure 4-7: Schematic representations linked with vector forces..........coceceee.nne. 43
Figure 4-8: L0ad transfer.......cociviiiiineciereere ettt 44
Figure 4-9: Gradual improvements, from a roller to a hinge..........cooeeeeevrvereennn. 45
Figure 4-10: | Kuenzle’s idea for representing a roller.......c.ccoveveeveevencerenucnnen 46
Figure 4-11: A typical window of a submodule ..........c.coeciniiiiiiiiiiiiinee 47
Figure 4-12: Deformed shapes and relative magnitude of deformations............... 48

Figure 4-13:

The graphical user interface for the analytical expressions of the

overall equilibrium........ccooueeviimiiinininirn e 49
Figure 4-14: The graphical user interface for internal force equilibrium equations...... 51
Figure A-1: Subtopic 1 — Introduction of the beam..........c.ccecveeiiiiiiiniiniiiienen. 73
Figure A-2: Subtopic 2 — Introduction of the Loads..........ccccoeeverieicrviininnieccecennnn, 74
Figure A-3: Subtopic 3 — Load Transfer ........c..cccccovueernierceniieeieieeceneceeeeeseeeens 75
Figure A-4: Subtopic 4 — Support Configurations and Stability .........cccceevvrvennnen. 76
Figure A-5: Subtopic 5 - Support configurations and Deformations...................... 77
Figure A-6: Subtopic 6 — Analytical expressions for equilibrium..........ccc.cveeeenenenn. 78
Figure A-7: Subtopic 7 — Analytical expressions for internal forces................... 79



Introducing Basic Structural Engineering Concepts through a Web-based Interactive Learning Environment

10



Inroducing Basic Structural Engineering Concepts through a Web-based Interactive Learning Environment.

CHAPTER 1: INTRODUCTION

The current research work focuses on introducing the most basic concepts of structural
engineering by developing a set of Solid Mechanics Learning Modules in multimedia

web-based environment. Those concepts introduced are the following:

1. The beam as the simplest load-bearing element
2. Loads

3. Horizontal and vertical load-bearing by beams
4. Support types

5. Deformability of the beam

6. Equilibrium conditions.

From an engineering education point of view, the goal is to equip the students with the
necessary background before starting to perform simple analytical calculations. The Solid
Mechanics Learning Modules’ goal is to develop the students’ intuition by exposing them
to the behavior of simple structures. The modules described in this thesis are going be
used as a supplement to textbooks and tutoring in order to enhance the learning

experience.

The material in this thesis is organized as follows. Firstly, Chapter 2 discusses the
importance of a thorough mastering by the students of basic principies in structural

engineering. The key features of intuitive engineering thinking as well as the pedagogical

11
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issues related to the use of Information Technology as a tool for developing intuitive
engineering thinking, are presented. Chapter 3 presents the advantages and disadvantages
of using computers, and specifically Information Technology, for introducing basic
structural engineering principles. Chapter 4 describes the general framework on which
the Solid Mechanics Learning Modules are based. The content, the audience, the
educational goals, and the methods used to achieve them are presented. Chapter 5 goes
beyond the technical issues related to the design and development of the modules and
deals with the broader issue of promoting the use of Information Technology for
educational purposes. Specifically, the hands-on experience and the lessons learnt from
trying to implement IT-based engineering education in South Africa are described.
Lastly, in final Chapter 6 a number of possible improvements of the Solid Mechanics
Learning Modules as well as the possible directions of the future research in the field, are

discussed.
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CHAPTER 2: INTRODUCING THE VERY BASIC PRINCIPLES OF
STRUCTURAL ENGINEERING

2.1 Introduction

Explaining the basics of structural engineering at an introductory level is usually
considered a trivial task mainly because the few possible questions that the students may
have can be answered “in the future”. Although this approach seems rational and works
indeed in most cases, there are a number of reasons for ensuring a thorough
understanding of the very basics of structural engineering.

First, the basis of structural engineering knowledge is strong. A number of questions and
doubts can be answered immediately by the student thus reducing the time that he/she

spends on clarifying issues or reassuring herself over.

Second, the student’s interest is stimulated by his/her own confidence that his/her
background is adequate. A common reason for disappointment, poor performance, and
eventually the dislike of the subject, is the feeling of lacking confidence in concepts that

she/he “should already know”.

Information technology provides a new powerful educational tool that can be used to
overcome the barriers of conventional teaching methods such as textbooks, in class
presentations, and tutoring. The focus of this research is to explore new ways of teaching
structural engineering concepts by building Solid Mechanics Learning Modules that will

hopefully be more attractive and instructive to the students and therefore, educationally

13
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more effective. A detailed overview of the material covered within Solid Mechanics

Learning Modules is presented in chapter 4.

2.2 Teaching priorities — Pedagogical issues

It is important to keep in mind that the goal is to enhance the learning experience.
However, when using information technology, the capabilities of the computer should be

a means, not an end, and as such are part of a complex system. (Shepherdson 1998)

Although the concepts presented in the Solid Mechanics Solid Mechanics Learning
Modules are fairly simple, it is important to pay attention to a number of general
characteristics of the final product in terms of pedagogy. The following list is a brief
attempt to distil from the recent relevant literature the main pedagogical elements of an

effective educational software (Perkins 1992), (Bracket 1998), (Shepherdson 2000):

e Clear Information - It is important to present all the concepts with clear
vocabulary and explanations of the phenomena. Although such a prerequisite
seems trivial or self-evident, one should have in mind that there are countless
doubts and misconceptions that arise from poor understanding as a result of
unclear of even ambiguous explanations. Given that the Solid Mechanics
Learning Modules introduce basic concepts, the importance of presenting
everything clearly, in order to eliminate as much as possible future problems,

is even greater.

14
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Thoughtful practice - 1t is of primary importance to engage the user of such
educational software into reflections over the engineering implications of the
concepts presented.

Informative feedback — The structure of the Solid Mechanics Learning
Modules must be such that the students not only get the right answers but at
the same time they learn why all the possible wrong answers are excluded.
Strong Motivation — The learning experience must be exciting or at least more
exciting than the conventional processes of in-class tutoring or textbook
reading. Key element for achieving strong motivation is visual stimulation.
The design of the onscreen features must be attractive to the user just like
commercial web-sites that are designed in such a way that they engage
customers in exploring all their links. For educational software this translates
to providing an attractive layout which embraces the user and which gives
extra information on more advanced topics in case the user feels particularly

interested.

A web-based multimedia environment with animations, sounds, links, etc offers the best

possible platform for designing educational software with the above characteristics.

2.3

Developing intuition

It is generally accepted that the introduction of computers has revolutionized Structural

Engineering by expanding dramatically the capabilities of performing analysis of

complex structures with minimal effort and time. However, computers lead to a lot of
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emphasis on developing the analytical skills of the students in order to perform the
required complex analyses. As a result, less effort is put on learning how to predict the

physical structural behavior under given loading conditions.

It is very easy to blame computers for this kind of inability of structural engineers to act
as real engineers, who can always have in mind the response of structures unrestrained by
the results of their analyses. It is however important to recognize that the problem
actually is not the computer per se. It is the lack of focus on developing the intuition of

the students.

In fact, computers provide enormous and worthwhile potential in developing the intuition
of the students. Especially when the most basic concepts of structural engineering are
taught, as in the case of the Solid Mechanics Learning Modules, computers can help a lot
in developing as well improving the students’ intuition. The key features for achieving

the prescribed goal are:

e Physical representation of structural behavior — Showing various responses
of simple structures to forces, such as motion, deflections, structural failure
etc induces the student to think not in terms of numbers or analytical
expressions but in terms of structural behavior.

e Association of structural engineering problems with well-known everyday life
examples - Intuition is reinforced when the student can relate the problem to a
phenomenon or a mechanism that he/she is familiar with.

e Encouragement of intuition by questions over expected structural response —
Intuition may be an inherent ability but there must de enough stimuius to

activate it.

16
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24 Conclusion

It is the developer’s goal to provide users with a tool that has the advantage of offering a
one-to-one tutorial experience, which is considered as the most effective form of
learning. From a pedagogical point of view one can argue however that software can
never be as effective as a real tutor can. It would be arrogant to believe that products like
the Solid Mechanics Learning Modules can substitute teachers. In fact, this is far from
their objectives. They can however contribute substantially as a complementary tool that
will not only improve the effectiveness of the overall learning process but it will, at the

same time, reduce the amount of effort required from teachers to achieve their intend.

17
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CHAPTER3:  USING COMPUTERS AND INFORMATION
TECHNOLOGY FOR INTRODUCING THE VERY
BASIC PRINCIPLES OF STRUCTURAL
ENGINEERING

3.1 Introduction

The classic way of teaching structural mechanics with textbooks, in-class presentations,
and tutoring, lacks in the fact that something so real and visible in everyday life as
structures is described, sketched and simulated with little explicit reference to the real
world. The more basic the concepts taught are the more difficult is to relate them
explicitly to real word examples that will help the students to grasp those concepts fast

and easily. For example how can one explain the concept of a moment reaction?

A very interesting contribution to addressing this kind of “insufficiency” of classic
structural engineering teaching on a basic level is done by Professor Dr. O. Kuenzle at
ETH. [Kuenzle 1999]. The focus of his work was to construct physical models of simple
structures and show their response to various types of loads in conjunction with their
properties such as support type, stiffness etc. The goal is to help the student to relate the
basic concepts of structural engineering with real world examples that preexist as general

knowledge in his/her mind.

19
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The Learning Modules aim to go one step further by using Information Technology that
not only can replace physical models but can also offer a wide variety of advantages that

enhance the learning experience.

3.2 Advantages

For the purpose of introducing basic structural engineering concepts, Information

Technology offers the following comparative advantages:

a. Motivation

By using attractive graphic design a computer module can be extremely appealing and
even eye-catching. Although the graphic interface of the Solid Mechanics Learning
Modules is not at the desired professional level, with the help of an experienced

professional its graphics can be upgraded.

b. Cost effectiveness

The Solid Mechanics Learning Modules require relatively few resources to be developed.
Most of the cost of such an effort comes from the so-called cost of human capital. Time
devoted to research team brainstorming and personal thinking on the content and the
structure of the product topic under development, is far more critical than the time
required developing the software. The development of Information Technology and its
vast expansion in many areas has decreased considerably the cost of the actual

development of such sets of Solid Mechanics Learning Modules.

20
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c. Responsive environment - Interactivity

One of the most important advantages of Information Technology is that it enables
interaction between the user and the program by providing an environment that invites
the student to proceed in actions for which he receives a response. Thus, a feeling of
personalized learning is developed which engages the student even more in the learning

process.

d. Greater potential audience

With the wide expansion of computers and the increasing rates of access to the Internet, a
product like the Solid Mechanics Learning Modules can have impressively large
audiences. In addition, there is great potential to increase such an audience and hence the
product’s cost effectiveness by linking all other similar efforts in the same field by using

the worldwide web.

e. Authentic context

Information Technology offers a good opportunity to use real world images and examples
for introducing and explaining the concepts of structural engineering. The multimedia
environment with audio, animated pictures and video help to create an implicit link
between what is presented in the module and the real world. Presenting structural
engineering within an authentic context of real word pictures, case studies, and examples
allows the student to grasp the genuine practical implications of the concepts he/she is

learning.

21
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f. Intrinsic feedback to the developer

By carefully designing a program like the Solid Mechanics Learning Modules, it is
possible for the developer to receive feedback, providing assessment of the module that
will eventually dictate the necessary improvements. At the current stage of development
a feedback mechanism is not part of the Learning Module, however this should be one of

the very first future steps of the project.

33 Disadvantages

a. Lack of personal live interaction

In a computerized module, there is definitely a lack of personal live interaction between
the student and the professor. However, the goal of the Solid Mechanics Learning
Modules is to provide an extra tool that can enhance the learning experience rather than

to substitute professors.

b. Limits to interactivity

Although the intention of the developers of the Solid Mechanics Learning Modules is to
expand the interactive character of the program, it is impossible to predict and answer all
possible questions. A truly dynamic response system using artificial intelligence may be a
solution to this limitation but for the moment such an innovative work has not been

performed in the field of structural engineering. {Viteri 2001]

22
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¢. Misuse and underuse of Information Technology

Despite the large and expanding capabilities of Information Technology there is the
danger of using it either as an information transfer tool or as a substitute to the professors.
A challenge for the Solid Mechanics Learning Modules is to go beyond presenting an
improved version of a slide show. At the same time, developers conceive their effort
within the general framework of improving structural engineering education in which

professors have an important supervising role.

34 Conclusion — Summary

Information Technology offers a challenging and almost limitless environment for
introducing the very basic principles of structural engineering. The capabilities for
development are large while at the same time there is a significantly large potential
audience that is interested to experiment, to expand and possibly to adopt products like

the Solid Mechanics Learning Modules.
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CHAPTER 4: T HE ARCHITECTURE OF THE SOLID

MECHANICS LEARNING MODULES

4.1 Introduction

The first part of this chapter, from section 4.2 to section 4.5, consists of a presentation of
the general framework for the Solid Mechanics Learning Modules. That framework is the
outcome of the following sequential steps, which are also shown schematically in Figure

4-1:

1. Definition of the content presented as a part of the Structural
Mechanics curriculum,

2. Definition of the audience, namely the “target group” or “users”. The
audience is studied on the basis of its previously acquired as well as
future desirable knowledge. Obviously, by defining the audience the
content has to be tailored and adjusted to its specific characteristics.
Therefore, there is a dynamic relationship between steps 1 and 2 as
shown in Figure 4-1.

3. Definition of the educational goals, and

4. Definition of the methods used to achieve them.

25
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The second part, starting with section 4.6, consists of a detailed description of the actual

structural engineering material presented in the Solid Mechanics Learning Modules.

Content Definition

@l> Audience Definition
% Educational Goals

B Methods

Figure 4-1:  Setting the framework of the Solid Mechanics Learning Modules

4.2 Defining the content

The idea behind the development of the Solid Mechanics Learning Modules is to provide
the student with the necessary background in structural mechanics with minimal or even
without any required prerequisite knowledge of mechanics. Together with other similar
research work done at MIT [Bucciarelli and Shapit 2001], [Shepherdson 1998 & 2001],
[Viteri 2001], the Solid Mechanics Learning Modules may become part of an IT based
library of modules on Structural Mechanics. In such an IT based library the Solid
Mechanics Learning Modules would most probably be the first “chapter”. In order to
achieve a smooth transition to more sophisticated modules of the IT based library, the last

part of the Solid Mechanics Learning Modules will require that the students start

26
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performing analytical computations on simple static systems. Hence, the student is

introduced to the following concepts:

1. The beam as the simplest load-bearing element

o

Loads

3. Horizontal and vertical load-bearing by beams
4. Support types

5. Deformability of the beam

6. Equilibrium conditions.

All concepts are shown using a single beam, being the simplest possible structure.
Although the last two concepts 5 and 6, above, define broad areas, the focus is only on
introducing the student to those concepts without attempting to cover the full range of

issues related to them.

4.3 The audience

As mentioned above The Solid Mechanics Learning Modules will provide basic
knowledge in structural mechanics, which can be used by quite different audiences. The

product is addressed at the same time to:

* First or second-year University students in the US taking their first structural
mechanics class who have been exposed to some physical analysis. for ihe

purposes of this thesis they will be referred to as Group A.
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o Students in the tertiary technical education such as the community colleges in
the US and the Technikons' in South Africa, who have some practical
background but not much knowledge of physics. For the purposes of this

thesis they will be referred to as Group B.

Designing the modules for each of the groups separately would present a challenge. In
our case, by trying to serve both groups simultaneously, the challenge is dual. There is

however common ground based primarily on the following:

1. Both groups have no previous knowledge on the material covered by the
Solid Mechanics Learning Modules, and

2. The concepts introduced are limited to a basic level.

In the following sections 4.3.1 and 4.3.2 , each group’s prior knowledge is presented in
relation to the skills and knowledge required to achieve optimum results from the use of
the Solid Mechanics Learning Modules. The characteristics of the two groups are
presented by focusing only on those characteristics that have been taken into account

during the development of the Solid Mechanics Learning Modules.

4.3.1 Group A: The first and second-year university students

We assume that the preparatory knowledge characteristics of Group A, regarding the use

of the Solid Mechanics Learning Modules are the following:

! Tertiary technical/technician universities in South Africa. For a more detailed description see Chapter 5
ary P
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1. Ability to read and write
2. High school physics and particularly kinematics
3. Some degree of familiarization with computers and web-based software.

4. Access to web-based computer facilities

Although nearly all students of Group A have more or less the same language and
physics skills, the degree of familiarization as well as ease and quality of access to
computers are not evenly spread among high school graduates around the world. Given
that the Solid Mechanics Learning Modules are intended to be part of a larger group of
modules that will be available through the Internet, it is very important that their web-
design be as simple as possible both in terms of its user interface as well as in terms of

system requirements.

4.3.2 Group B: The Students in the tertiary technical education

We assume that the knowledge characteristics of Group B, regarding the use of the Solid

Mechanics Learning Modules are the following:

1. Basic reading and writing skills

2. No previous knowledge of physics

3. Possibly some exposure to construction practice that has developed some degree of
intuitive understanding of structural behavior

4. Some access to web-based computer facilities at training centers

29
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The relatively lower literacy skills of Group B compared to that of Group A, combined by
the variation of quality of access to computers, require that Solid Mechanics Learning
Modules’ language and web-design be as simple as possible both in terms of its user
interface as well as in terms of system requirements. Although the students in the tertiary
technical education of Group B, may seem to have the advantage of hands-on experience,
it is very probable that their misconceptions will be more difficult to be overcome,

compared to that of Group A, whose members start from scratch.

4.4 Setting the educational goals

The main educational goal of the Solid Mechanics Learning Modules is to provide a
strong basis of structural engineering knowledge. For Groups A and B having such a
strong basis does not refer only to mastering the material presented in the modules but
also to adopting an “engineering” way of thinking based on a balanced combination of

intuitive and analytical skills.

in the following paragraphs the characteristics of the Solid Mechanics Learning Modules,

which will produce a strong structural engineering background, are presented.

4.4.1 Developing user’s intuition

An essential requirement for anyone in the engineering profession, regardless of the type
of work is intuitive engineering thinking. Due to the complexity of the problems that

professionals are faced with, even in their early college education, they tend to rely more
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on their analytical capabilities and tools rather than trying to use their intuition.
Therefore, their intuitive thinking drops to a latent state or even gets lost. The Solid
Mechanics Learning Modules are aiming at developing intuition regarding the following

specific areas in structural mechanics:

¢ Identify stability/instability of various structural configurations,
¢ Predict relative deformations of different structural systems

® Predict the relative magnitude of reactions for different load configurations.

Going one step further in intuitive thinking, it is desirable that the student is able to
associate physical observations with structural behavior. The Solid Mechanics Learning

Modules are aimed at developing such links in the following areas:

¢ Motion in conjunction with types of reaction forces at the supports

¢ Relative deformation in conjunction with relative magnitudes of internal
forces

¢ Given the structural and loading conditions have the student identify the most

critical location in the structure.

4.4.2 Direct correlation of structural engineering teaching to real world design

For most engineers structural engineering teaching is associated with schematic
representations, which have only little similarity with the actual structures. A typical
example are the symbols used for the various types of supports. In the Solid Mechanics

Learning Modules there is a consistent effort to link schematic representations (symbols)
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to familiar, real-life structures and structural elements. By using Information Technology,
the student is concurrently exposed to both the symbols and to sketches that resemble real
world structures as well as to pictures of the real world. Furthermore, the student has the
chance to get exposed to or to get notions on "advanced" topics that can make the whole

learning experience more stimulating and attractive.

443 Providing the framework for the introduction of analytical expressions

The ultimate stage of development of the Solid Mechanics Learning Modules is that in
which the student is expected to set up the first basic analytical expressions of force and
moment equilibrium for a determinate beam. These expressions are the equilibrium

equations both for the beam as a rigid body as well as for the internal forces.

Throughout the sequence of the modules the goal is to ensure that the student masters all
those simple concepts that he/she has been introduced to before moving on to analytical
relations. First, the student must be able to understand the concept of equilibrium or, as
mentioned above, to be able to distinguish between stable and unstable configurations.
Second, the student should be able to distinguish between the various types of supports

and their implications regarding reactions to a specific set of external forces.

Although some background on physics of kinematics would definitely help the student to
set up simple analytical expressions, the goal is to help him/her understand the concept of
action-reaction and equilibrium by using interactive animations of physical reality or
models. The developers’ aim is to lead the student to a discovery path similar to that of a

child trying to build a simple structure with his/hers toys.
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4.5 The characteristics of the methodology

After identifying what the educational goals are, the next step is to define the
methodology that is used to present the material covered within the Solid Mechanics
Learning Modules (described in detail in section 4.6 ). The content is gradually unfolded
in a linear sequence moving from one subtopic to the other. Interactivity is an essential
element of the methodology, demonstrated by the use of multiple choice quizzes and
questions. The student is aided in the guidance through the modules by simple control
features such as buttons and hyperlinks similar to the ones available in other web-based
applications. The aforementioned characteristics are described in detail in the following

sections 4.5.1 ,4.5.2 ,453,and 4.54 .

A graphic representation of the methodology is shown in Figure 4-2.
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PROVIDE INTRODUCTORY
INFO (OPTIONAL)
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PRESENTATION OF A
SUBTOPIC THROUGH
SIMULATION OR ANIMATION

INTRODUCE INTERACTIVE ADDITIONAL
FEATURES BACKGROUND INFO
(OPTIONAL)

PROVIDE FEEDBACK
ACCORDINGLY

SUMMARIZE FINDINGS
AND CONCLUSIONS

Figure 4-2: Methodology followed in the development of each subtopic
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4.5.1 Subtopics

To present the material covered within the Solid Mechanics Learning Modules (described

in detail in section 4.6 ) the content is divided into the following conceptual subtopics:

Introduction of the beam

Load types

Load transfer to supports

Support Configurations — Stability
Support Configurations — Deformations

Analytic expressions of equilibrium

om m o o0 w p

Internal forces

The subtopics are presented in a linear sequence starting with the simplest one and
moving on with increasing complexity. In each subtopic the specific material is covered
following the flowchart shown in Figure 4-2. Aside from the “primary” information, that
the student will have to access, there are a number of additional optional subsets of
information that pop up upon request. from Internet links, other “sub-modules”, and other
similar applications developed by others in the same curricular area. Depending on the
level of understanding or the preferences of the student, he/she can choose to access the
supplementary information provided through the sub-modules, which either enhance

his/her background knowledge or offer more “advanced” insights.
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4.5.2 Interactivity - Multiple choice quizzes

Interactivity is an essential feature for the effectiveness as well as for the attractiveness of
the Solid Mechanics Learning Modules. In order to engage the student with the
introduced concepts, multiple choice quizzes are posed in the various subtopics of the
modules. Interactive feedback is designed in such a way, that it reinforces the knowledge
gained while keeping the student on the right track by explaining why his/her answers are

right or wrong.

A difficult challenge in designing an efficient interactive process is the phrasing of the
quizzes. Phrasing is not restricted to designing the questions but includes also the various
answers. Both of them must stimulate the student’s reflective thought. The answers are
tailored in such a way that they clarify as many misconceptions as possible. A step
towards greater efficiency would be the use of Artificial Intelligence [Viteri 2001]. Such
a step however, goes beyond the scope of this first stage of development of the Solid

Mechanics Learning Modules.

4.5.3 Control

The control of the “flow” of the Solid Mechanics Learning Modules is relatively simple.
Any student would have to go through the same subtopics with small changes based on
the answers to the small interactive quizzes. A schematic representation of such a simple
control path is given in Figure 4-3. Simple control buttons such as Back, Forward Go to
Start/End combined with hyvperlinks are used for the navigation through the modules. In

many cases hyperlinks are used to provide the additional information either within the
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modules or in separate pop up windows and web-browsers, as mentioned in section 4.5.1

Correct 4——p Optional follow-on

Question on p Answer Error | ] p | Optional follow-on > Question on
Concept, / for 1 Concept,,, /
Problem; Problem,,
Errorn Optional follow-on

> forn

Figure 4-3:  Basic control path (based on Figure 4.2 Shepherdson 2001)

4.5.4 The software platform

For the development of the Solid Mechanics Learning Modules the commercial software
Macromedia Director® was used. The technology involved in the development is
“hidden”. That is, the user has access only to the final product, which has a web-format.
The basic output type is a Shockwave® movie with HTML, JavaScript, Flash, and Java
applications incorporated within the movie. Shockwave® movies are made by a
combination of text, graphics, sound, animation, and video, creating a multimedia

experience.

Director® creates a very user-friendly environment with easy to handle navigational
features. The output movie is displayed in a scalable web-browser window and therefore,
the user can select the desired display zoom without having to scroll up and down to view

the full window. For the design of the movies, Director® apart from its built-in functions,
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has its own incorporated object oriented programming and scripting language, Lingo®,
which allows one to control and customize script manipulation of the text, audio, and

video elements.

The modules have a size of less than 1.5Mb and can be accessed through the web by any
standard web-browser like Netscape® provided that the Shockwave® plug-in has been
installed. Although most browsers have Shockwave® preinstalled, it is available for free
on the web and is easy to install and configure. A great plus for Director® movies is the
fact that they are platform-independent. (They work on UNIX, Mac OS, Mac OS X,
Linux, Windows etc.) Thus, simplicity and ease of access -even with low-performance
computer systems (Internet connection by modem, low-speed processors and low-RAM)-

are among the major advantages of the technology used.

4.6 The content of the Solid Mechanics Learning Modules

In section 4.5.1 the subtopics into which the content is divided were shown. In this
section the content of each subtopic is presented in a detailed fashion, accompanied by a
rationale supporting the inclusion or the exclusion of certain concepts. The idea is to
move “smoothly” from one subtopic to the other so that the student sees the connection to
the previously presented material. In order to solidify the knowledge gained in each
subtopic and to pave the way for the next one, a brief review with all the observations and

findings as well as all the unanswered questions/issues is presented before moving on.
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Furthermore, the sequence is such that in the upcoming sections the student uses the
previously acquired knowledge allowing him/her to get into progressively more complex
concepts. Interactive elements like real world examples and quizzes are included,
whenever appropriate, to enhance the learning experience. Characteristic snapshots from

such interactive elements are show in Figure 4-4:and Figure 4-5.

take a careful look

Figure 4-4: Real-world pictures incorporated within the Solid Mechanics
Learning Modules

39



Tower Bridge.

Figure 4-5: A typical quiz layout

A general graphic outline of the content of the module is presented in a storyboard’
format in Figure 4-6. More detailed parts of the storyboard are presented in separate

graphs in the Appendix.

? Term used by Emma Sepherdson for graphs of that type.
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Introduce the Beam What is Introduce loads
a load?
-Define as a horizontal load-bearing element -Define Vector Force
-Show real-wold examples -Deferentiate between Point/Distributed loads
-Identify beams within complex structures -Examples in sketches associated with vectors
How can beams
carry loads?
Support Configurations - Stability Load Transfer
Where are
- Example of car on a bridge deck. the loads - Vertical load transfer
- Bridge deck has two rollers as supports transferred? - Animated explanation
44—
- Response to vertical load
downwards/upwards - Horizontal load transfer
- Response to horizontal load - Example of car braking on a bridge deck.
- Interactive quiz: Is it stable? - From now on sketches associated with vectors
- Gradually improve to hinge and then to
fixed support
Support Configurations - Deformations
Sub-modules (upon request) - Example of car (force) on a bridge deck.
- Effect of force on deformed shape and
Details for: magnitude of deformation from:
- Rollers - different support configurations
: - Type of load (point load/distributed)
- Hinges >
- Relative magnitude of load.
- Cross-section orientation vs loading
direction
- Interactive quiz: Do you expect deformations
to be greater or not?
Analytical ions for internal force Are there
nay cxpressions forn rees . Analytical expressions for equilibrium
internal
-E le of bridge deck. f ?
Xamp ,e ot caron a bricge < orees - Example of car on a bridge deck.
- Determinate beam .
- Determinate beam
- Introduce the «cut» ) , . e
. . . —_— - Interactive quiz: Write the equilibrium
- Interactive quiz: Write the equilibrium i
, equations
equations
Figure 4-6: Storyboard
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4.6.1 Introduction of the beam

Given that the assumed background knowledge for the use of the Solid Mechanics
Learning Modules is minimal, the first concept introduced is that of the beam as a
structural element. Apart from simple schematic representation of a beam, real life
pictures of beams incorporated into structures, such as bridges, and roofs are presented.
(See Figure 4-5.) Those are shown in order to create a connection to real life examples as
well as to help the student start identifying the structural elements in real structures and

associating them with schematic representations.

4.6.2 Load types

The concept of load as a vector force is introduced while point loads and distributed loads
are differentiated. Cartoon examples of point and distributed loads are linked together
with vector force representations as in Figure 4-7. From that point on, cartoon-type

sketches are accompanied by vector representations for forces, wherever applicable.
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vector forces

Point loads

Disiributed loads

Load=1200N/1.5m=800N/m

T[I[Illll’ll

carry loads

4.6.3

Figure 4-7: Schematic representations linked with vector forces

Load transfer to supports

In this subtopic the main goal is to explain to the student how a load that is applied at any

point of the beam is transferred to the sides of the beam and is carried by the supports.

First, the transfer of vertical loads is presented. It is assumed that for the student it is

easier to picture the case where one single reaction is acting at the same point as the

single action. This helps the student to link this easily conceivable phenomenon with the

case where a vertical load F acting in the middle of the beam produces two vertical

reactions R,,, R ;. We start by having a single reaction R right at the middle of the beam

which is then “split” into two separate vectors that are transferred internally to the sides

as shown in Figure 4-8. Although such a process is instant and can not easily be
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explained, it is expected that by introducing a pseudo-time dimension through the

animation, the whole phenomenon becomes easier to understand.

Second, the transfer of horizontal loads is presented. The same notion of internal transfer
to the supporting side is used. A car braking on a beam exerts a horizontal force by
friction on the beam. Again the cartoon-type sketch is accompanied by simultaneous

parallel vector representations.

The size of both the acting force F, as well as the reaction R,, are increasing as the car is

about to come to a complete halt. Although there is no explicit comment, such a detail

potentially puts the student into thinking more broadly about the actual phenomenon.

Figure 4-8: Load transfer
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4.6.4 Support Configurations - Stability

Having shown that reactions to external forces act on the supporting points a more
detailed exploration of what a support is and what it does follows. The primary goal of
supports, holding the structures in place, is examined. At first the roller, is introduced on
both sides. Then by showing the system’s reaction to horizontal forces the need for at a
more stable support is demonstrated. Various gradual “improvements” to the roller lead
to the introduction of the hinge and then to the fixed support. (See Figure 4-9:

Gradual improvements, from a roller to a hinge).

For representing the rollers and the hinges the symbol of the cylinder shown in Figure 4-

10, introduced by Kuenzle [Kuenzle 1999], is used.

Figure 4-9: Gradual improvements, from a roller to a hinge
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Figure 4-10: Kuenzle’s idea for representing a roller

Rather than asking the student to learn what the various support types do and not do, we
let him/her to discover the rationale behind the decision to use one type or another. Each

support configuration for the beam provides an increasing stability for certain loads.

For each type of support, rollers, hinges, and fixed supports, a separate sub-module is
available upon request as a pop up window, from which the student can learn more
details in a narrative format (See Figure 4-11). In each of these sub-modules for every

type of support the following information is provided:

e Real world pictures,

e Their characteristics,

e The symbols used to represent them in sketches,
e  Why they are used, and

e Examples of their use
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4.6.5

Aforce can be decomposed into a
horizontal and vertical component.
The roller can onlyresist one ofthem
and thereforeit rolls!

N\

Y G Horizontal Force @ Vertical Force!
Rigid Surface

o~

Fy / %
L

=

Figure 4-11: A typical window of a submodule

Support Configurations — Deformations

After becoming familiar with all support types, the effect of various support

configurations on deformation characteristics of a single beam are studied. The focus is

purely qualitative. Deformed shapes and the relative magnitude of deformations are

shown. Simple animations are presented in order to show the various stages that a beam

undergoes when loaded. The last stage of such animations are shown in Figure 4-12.

Going one step further, the effect of the following parameters on the deformed shape and

magnitude of deformation of a beam are examined:

e Type of load —point or distributed,
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e Relative magnitude of load, and

e Shape of cross-section versus direction of loading

Figure 4-12: Deformed shapes and relative magnitude of deformations

4.6.6 Analytical expressions of equilibrium

The “ultimate” educational goal of the current stage of development of the Solid
Mechanics Learning Modules is the gradual transition from qualitative observations to
basic analytical calculations. With that in mind, the concept of (in)stability and
equilibrium was presented earlier in the module, through animations and interactive

quizzes, in order to serve as background knowledge.
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In order to introduce the student to analytical expressions gradually, at first, the overall
equilibrium is presented. For simplicity the equilibrium is studied only for a statically
determinate beam. The student is then asked to input the components of the equilibrium
equations. In order to guide the student, entries for the required equations for equilibrium
—force and moment equilibrium- are shown. (See Figure 4-13) The challenge is to fill-in
the three editable fields correctly. A filtering algorithm checks the users’ entries and

provides a right/wrong message accordingly”.

Figure 4-13: The graphical user interface for the analytical expressions of the

overall equilibrium

3 The filtering algorithm has not been incorporated.
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4.6.7 Internal forces

Moving one step further with analytical expressions, the concept of internal forces is
introduced. In order to help the student to “picture” internal forces, the classic “cut” is
used. The concept of “load transfer”, presented in section 4.6.3 , helps the student to
realize that internally, in every single point of a structural element, forces act and prevent

the structure from moving or collapsing.

The existence of internal forces is presented as a result of the fact that every piece
resulting from any random theoretical cut must be in equilibrium. Again, in a similar
format as for the overall equilibrium equations, the student needs to fill-in the editable
fields for the three equations of equilibrium. (See Figure 4-14) A filtering algorithm

checks the entries and provides a right/wrong message accordingly”.

* The filtering algorithm has not been incorporated.
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Figure 4-14: The graphical user interface for internal force equilibrium equations

4.7 Conclusion

In this chapter the rationale underlying the Solid Mechanics Learning Modules together
with their actual content are presented. Although the concepts of structural mechanics
presented are fairly simple, a great deal of “hidden” work was involved. This however, is
by no means a guarantee for the efficiency of the Solid Mechanics Learning Modules.
The developer believes that there is certainly room for improvements. Some of them are

already identified and will be presented in Chapter 6.
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CHAPTER 5: THE TECHNOLOGY-EDUCATION INTERFACE

5.1 Introduction

Working on the development of IT-based educational material brings up the broader issue
of the Technology-Education interface. Using IT is not a question of simply placing
existing educational material into different media. It poses a number of challenges from
many points of view; pedagogical, psychological, economical, social and so on. IT is

gradually reshaping a wide variety of endeavors and is now affecting education as well.

In this chapter, an attempt is made to go beyond the narrow technical aspects of an
engineering educational tool. The possibility of leapfrogging education in developing

countries by using IT is examined.

A hands-on experience from promoting IT for educational purposes in such countries has
been gained from the Integrated Technical and Tertiary Education and Economic
Development for South Africa project ITTEEDSA). A key feature for that project, which
started in 1995 and which was externally funded by the US Agency for International
Development, has been the development of New Educational Approaches and Programs
for Engineering Education at the Technikon schools of South Africa (technical
universities similar to the US community colleges). The Solid Mechanics Learning

Modules developed and described in this thesis, will eventually be applied in the South
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African prototype project and therefore, studying the evolution of the aforementioned
project as well as the economic, political and educational context, within which it is being

developed, will provide valuable lessons.

5.2 Combining education and economic development in developing

countries — The case of South Africa’

Implementing a major political and social revolution by overturning apartheid in 1994,
South Africa found itself faced with the challenge of balancing its fragmented economic
development across all racial and ethnic groups. South Africa’s social and racial
problems are relatively well known. While a small fraction enjoys higher living standards
than the average US citizen, a significant fraction (43%) of the South African population

of over 40 million, still has an income below minimum living standards.

However, South Africa has the “unique” competitive advantage of having an existing
high-tech industry, that is comparable to that of the developed countries and on which the
country counts considerably in the future. Therefore, its infrastructure development effort
has to be planned in such a way that will ensure that both the current needs for
technically trained labor as well as the future needs for high-tech personnel will be

fulfilled.

* Integrated Technical and Tertiary Education and Economic Development for South Africa. Proposal to
the US Agency for International Development.1995.

Lh
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In order to address the problem, the new government launched the ambitious

“Reconstruction and Development Program (RDP)” whose key goals are:

¢ Meeting basic needs,

¢ Developing Human Resources,

¢ Building the Economy,

® Democratizing the State and Society, and

e Implementing the RDP

In pursuing the aforementioned goals it was realized that the top three of them are closely

linked because of the following:

e There is a lack of low and medium skilled technicians to carry out the
reconstruction program. In order to meet the demand for labor with
technologist/technician education, the graduation rates will have to increase
from 3000 in 1995 to 10,000-15,000 per year by the year 2010. The non
white community had been systematically excluded from technical and
scientific education.

e Educating people without providing jobs is both unacceptable and would

create social and political unrest.

The solution proposed in form of a proposal submitted in 1995 to the US Agency for
International Development (USAID) by a group composed of several US universities,

ORT International, and the Technikon Partnership®, was to solve both problems through

® The US Universities: MIT, Howard, University of South Carolina Research Authority, York Technical
College.
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an integrated approach, by combining engineering education and economic development.

In other words, developing infrastructure and attracting industry while simultaneously

ensuring that the required number of adequately educated people is available.

Specifically, the solution proposed within the context of the project named Integrated

Technical and Tertiary Education and Economic Development for South Africa

(ITTEEDSA ) had the following objectives:

Assessment of the technical manpower needs in South Africa.

Create the nation-wide “Institute of Technology” involving industry/business,
labor, Technikons, universities, and government. This “virtual” institute
would optimally coordinate all physical and human resources.

Create a link between economic development and education by establishing
local economic centers in combination with the Technikon learning centers.
Modernization of technician education by introducing distance learning
programs based on the Technikon learning centers. The key elements of
these learning centers would be the linkage to the Technikons through
distance education and particularly the extensive use of Information
Technology based education.

Create staff development programs

Create economic missions that would initiate pilot programs for educational

and economic efforts.

Technikon schools: Technical Schools in South Africa (similar to the US communfty colleges)
ORT International: Non-Profit private training organization. Home page: http://www.icd.ort.org/
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There was a great deal of excitement about the innovative and pioneering concept of the
project. The combination of economic development through engineering education by
using the modern tools of IT promised a breakthrough. However, as the project was
discussed amongst the South African Technikons, a number of practical problems

emerged:

e Particularly, several of the historically disadvantaged Technikons lacked basic
equipment essential for their operation that had to be provided first.
Statements such as “we do not have even enough paper and pencils” were
made.

e There were wide differences in the level of the various Technikons for
historical and political reasons, which prevented the use of IT at some
participating schools.

e In 1995 access to e-mail and the Internet was highly problematic for many of
the participating South African faculty members. This resulted into serious

communication problems.

In light of these limiting conditions the role of IT as a driving force for the success of the
ITTEEDSA project became questionable. Nonetheless, the need to push engineering
education particularly for the group of people who had no access to it was considered to
be very important. This was recognized by the historically disadvantaged Technikons,

their US partners, and USDAID and lead to a somewhat differently oriented effort.
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53 The Textbook Effort

The five disadvantaged Technikons in cooperation with a slightly different set of US
universities (Howard, MIT, Clark Atlanta, and North Carolina State University),
reconsidered the objectives of their initial proposal to the USAID and came up with a

new set of targets. The revised set of efforts focused on the following:

e The writing and production of engineering textbooks
e Development of the Technikons’ curriculum, and

¢ Enhancing staff development.

This propdsal was approved by the USAID and was started in 1997 with the aim of
producing 8 (eventually 9) textbooks. The way in which the textbooks were written was
very innovative and simultaneously served the staff development. Each textbook was
developed by groups of four project members. A Technikon faculty member was the
designated author assisted by three moderators, two other Technikon faculty members
and one from the US team. The involvement of Technikon faculty was particularly

important since most of them were first-time authors.

The interaction of authors and monitors initially occurred exclusively at semi-annual
workshops and through exchange by postal mail. Increasingly this exchange took place
electronically but still included a workshop close to the end of writing of each book.

Overall nine textbooks were printed in the period 1997-1999 in the following areas:

1. Physics for Engineenng,
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2. Introductory Digital Systems,

3. Mechanical Engineering Drawing,

4. Mechanics for Civil Engineering

5. Construction Methods for Civil Engineering
6. Construction Materials for Civil Engineering
7. Drawing for Civil Engineering

8. Drawing for Engineering

9. Basic Circuit Analysis for Electrical Engineering

The textbooks, which are on paperback, were immediately very successful. Much of this
can be associated with the low price (less than $10/book) but given that the textbooks
were adopted by schools not involved in their development it appears that they are also

technically a success.

54 The CD-ROM Effort

After the successful completion of the textbooks, the “follow on” to the project created
somewhat of a dilemma to the members of the consortium. The dilemma was whether to
develop more advanced textbooks or to improve the existing ones. However, a third
concept was initiated, and further developed, namely, the creation of CD-ROMs as a

supplement to the textbooks.
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The intent was to avoid duplicating the textbook material in the CD-ROMs but instead, to
use unique IT features to enhance the textbooks. Furthermore the “follow on” project is

seen as a chance:

¢ to introduce and expose both faculty and students to the use of computers and
particularly IT in learning,

e to improve the efficiency of the engineering curriculum with visual resources,
simulations, graphics etc, and

e to produce more creative use of the faculty’s contact with the students.

Specifically, aspects which are difficult if not impossible to convey in text and printed

figures will make use of the CD-ROM. Examples are:

e Relation between the 3-D reality and 2-D representation, (in “Drafting”
textbook)

e Simulation of physical processes (in “Electrical Circuit”, and “Physics”
textbooks)

e Visualization of construction processes (in “Construction” textbooks)

The Solid Mechanics Solid Mechanics Learning Modules, described in this thesis, which
combine simulation and animation, become part of the CD-ROM of the “Mechanics”

textbook.

Also the development of the CD-ROMs is intended to lead to a more complete buy-in to
IT. Nevertheless, this current IT oriented phase ot the project is still far from the iniual

and ambitious goal of the ITTEEDSA project for using IT as a tool for combined

60



Inroducing Basic Structural Engineering Concepts through a Web-based Interactive Learning Environment

education and economic development. In the following section 5.5 , a more detailed

attempt to analyze the lessons learned from such a hands-on experience is presented.

3.5 The experience gained from the ITTEEDSA and the “follow on”

projects

Looking back in the case of the ITTEEDSA project and the “follow on” one can conclude
that the message regarding the success of the implementation of Information Technology
was mixed. Initially there was excitement and relatively high hopes about the power of
Information Technology since it was expected to play a major role in assisting the
economic development through engineering education. However, reality proved to be
different, and as a result, more conventional and “down to earth” efforts were pursued
first before the idea of introducing IT became gradually feasible. The ITTEEDSA effort
by being one of the first projects where IT was to be used for educational purposes in a
developing country on such a large scale, offers valuable experience and lessons for the

future.

The experience of the ITTEEDSA project and its “follow on”, showed that it was
unrealistic to speak about Information Technology in a sector that was lacking basic
means such as simple office supplies, paper and pencils. Although it was certainly
innovative to propose the restructuring of the technical education by using IT, the actual
timing for the implementation of IT was far different than the one planned. In fact, it took
the group of the Technikons and the US universities five years to start including [T

within their set of tools. Moreover, the evolution from addressing basic needs to the
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development of CD-ROMs came as a more natural sequence, which gave the developers

more confidence regarding the success of their moves.

An important parameter relative to the possible implementation of IT was the reluctance
of the participating members of the ITTEEDSA project to accept IT as a major tool for
what they were seeking to achieve. Such reluctance may have occurred due to the lack of
experience and familiarization of a number of the participating members with IT. Even if
the possible benefits were demonstrated to them, the cultural “buy-in” takes time to
occur. Particularly, at the time that the ITTEEDSA project was supposed to start, the
Internet, even in the US, had not expanded significantly, while in South Africa it was

very unevenly distributed.

One may argue that had the project started in the year 2000, things would have been
much different regarding the extent and the timing of implementation of Information
Technology. It is not only a matter of cultural acceptance but also a matter of the level of
the available technology. Developments like file-sharing and the lowering of the cost of
satellite communications have changed the scene and have pushed the limits of the
applicability of Information Technology even in areas where there is barely any land

based telecommunication infrastructure available.

There is also another parameter that has to be taken into account when entirely new ideas
are proposed for similar projects. Confidence in success is not only related to experience
and knowledge of the proposed ideas but it is also related to the perception of the
participating members regarding efficient use of the available funds and resources. Risky
and avant-garde ideas are less likely to be realized whenever there 1s a fear of wasting

resources that are not easily replaceable. In the case of the ITTEEDSA project, risking the
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availability of funds or, even worse, experimenting with USAID’s funds rather than

spending them on something everybody could relate to, appeared to be unacceptable.

The physical presence of a person capable and responsible for running and supporting the
system on a permanent basis would also make things much easier. Even users familiar
with IT need support mechanisms such as help centers. The physical presence of such a

person based permanently in South Africa would have:

e Increased the confidence of the local professors in accepting solutions that
seem too avant-garde up to that time. Simply from a psychological
perspective, having such an expert available would have a major impact.

e Facilitated the application of IT by providing expertise as well as by
transferring his/her knowledge to the local faculty member who would later

take over.

The above measure could be applied in parallel with the training and education on IT of a
South African faculty member in a US university so that there would be no delay in

providing the local project team with an expert based in South Africa.

The problems encountered in the introduction of ITTEEDSA project’s innovative and
ambitious primary goal of for using IT in combing engineering education and economic
development may have also been associated with the project’s scale. Applying the project
at one Technikon instead of five and subsequently in a considerably smaller pilot area in
the countryside may have actually worked even from the time back in 1995. Creating a
iocal cluster, where the concept could be actuaily implemented on a piiot scale, it would

have made possible to:
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o Show feasibility of the concept

e fine tune of the project,

e gain experience on solving the same particular problems that would eventually
be encountered in full scale,

¢ lower cost thanks to learning effects,

» lower associated risk and consequences of a possible failure by decreasing at a

first stage the geographic scope of the project, etc.

Instead of “going small” with a pilot program the exact opposite could also be a solution.
Applying IT from scratch in such an ambitious goal as infrastructure development for a
whole country requires a much more vigorous support. Therefore, incorporating the
development of IT for engineering education within a general effort for the promotion of
IT in all sectors of the economy could have given the required momentum to the
ITTEEDSA project. Moreover, incorporating IT within a broader effort such as the
“Reconstruction and Development Program” of South Africa might have decreased the
costs for individual projects such as the ITTEEDSA project while helping the diffusion of
IT in many other sectors of the economy where IT is equally useful. After all, IT is
becoming an essential tool for multiple sectors of the economy, and sooner or later an
investment in IT will be required in all those individual sectors for countries like South

Africa.
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5.6 Conclusion

The intended use of IT for the combined promotion of engineering education and
economic development in South Africa provides valuable experience for future projects
in other developing nations and communities. Most importantly, the South African
experience shows that there are constructive ways to enhance engineering although the
initial plan was not implemented as conceived. The following thoughts, originating from
the South African experience, may be useful for future efforts using IT in engineering

education.

One may blame the South African project’s innovative approach and/or its scale for the
delay in reaching its initial goal of deploying IT in engineering education. Probably both
of them were beyond their optimum levels given the general context of the project.
However, this does not imply that ambitious projects, of large scale and scope should not
be planned. To the contrary, such projects should be brought up given that they can

actually be very rewarding due the challenges involved.

Certainly, deciding upon the scale and the scope of the project beforehand is important.
An oversized project may discourage its participants, particularly when the scope is
relatively wide. In the case of the South African project a small group of professionals
and academics formulated a promising and pioneering proposal, which required the
cooperation of individuals and organizations from a wide array of disciplines, ranging
from education and technology to economics and public policy, in order to be fully and
successfully implemented. However, the organizational and the institutional framework

that supported the effort were .
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By looking back at the South African project, one may identify a number of possible
synergies that could have been explored for the benefit of the effort, so that the project
could proceed as initially planed, eliminating the need for a pilot phase or reductions in
scale and scope. Given the wide range of IT applications, it would have been
advantageous to explore other sectors, or prospective partners who may have common
interests regarding IT, in order to share costs, expertise, and possibly new ideas that may

developed be in the course of the collaboration.
Finally, as almost in every project, the cultural, economical, and political peculiarities of

the country in which a project is running have to be acknowledged in order to adapt the

goals and the methods accordingly.
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CHAPTER 6: CONCLUSIONS AND RECOMMENDATIONS FOR

FUTURE WORK

This thesis describes a first version of the Solid Mechanics Learning Modules, a set of IT-
based of modules developed for teaching basic structural engineering concepts to first
year university and technician college students. The educational goal of the Solid
Mechanics Learning Modules is to have them used as a supplementary material to
textbooks and lectures, such that the students will gain intuitive understanding of
structural behavior. This will be facilitated by animated schematic representations and
qualitative examples. Moreover, the students will be assisted in developing the necessary

background for performing basic analytic calculations.

In terms of content, the modules start by introducing the student to the concepts of a
beam and loads on the beam, followed by vertical and horizontal load transfer to the
supports. The effect of various support configurations on the stability and the
deformation of a beam subjected to a single load acting in various directions is studied.
Finally, the student is introduced to simple analytical expressions of equilibrium of

external and internal forces for a determinate beam.

In this thesis, a hands-on experience of applying IT in enhancing engineering education at
the Technikons in South Africa is described. The innovative approach and the project’s
scale may be blamed for the limited the use of IT and the delay of its implementation for

the benefit of the project. However, the message derived from the South African

67



Introducing Basic Structural Engineering Concepts through a Web-based Interactive Learning Environment

experience is that there are constructive ways to enhance engineering education using IT
in the context of similar ambitious large-scale projects. Implementing pilot phases,
exploring possible synergies within other sectors of the economy for sharing costs and
ideas, and respecting the peculiarities and culture of the people involved and affected by
the project, were identified as key-parameters for mitigating the problems associated with

such large-scale projects in the educational domain.

As mentioned above, in this thesis, the first version of the Solid Mechanics Learning
Modules was described. As in every first effort, there is still plenty of room for

improvements, additions, and possibly, some corrections as well:

Possible improvements:

e Evaluating users’ answers to questions in analytical questions,
e Enhancement of the graphics of the Solid Mechanics Learning Modules, and
e Expansion of the interactive elements of the Solid Mechanics Learning

Modules.

The development of an algorithm that can evaluate user’s input is required for the
completion of the existing version of the Solid Mechanics Learning Modules. The
challenge is to allow the algorithm to accept all combinations of user input in order to
avoid rejecting a correct input if it is written in a somehow “unexpected” way. In order to
simplify the process and avoid “unexpected” misspellings, the components of the
equations (all signs and all vector-force components) could be available in a draggable
menu, from which the student-user wiil pick the ones he/she thinks are needed by using

the ““drag and drop” feature of Director.
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The focus during the development of the Solid Mechanics Learning Modules has been on
improving the actual content rather than designing the most attractive, professional-level
user interface. The developers therefore, acknowledge that there is plenty of room for
improvement of the appearance of the Solid Mechanics Learning Modules, particularly in
the design of graphics and animations so that the final version meets the highest standards

for web-based educational products.

Most of the material in the Solid Mechanics Learning Modules is presented in a narrative
format with relatively few interactive elements. The latter are primarily in form of simple
questions and quizzes. Rather than adding more quizzes, which may annoy the student-
users if there are too many of them, interactivity can be enhanced by prompting the
student-user to proceed to on-screen actions such as to “drag and drop”, to enlarge or to

move elements and then see what kind of results his actions trigger.

Future research:

¢ Use of Artificial intelligence for greater interactivity,
e Evaluation scheme for the Solid Mechanics Learning Modules, and
e Enlarge the Solid Mechanics Learning Modules and include them in a

library of modules,
A very promising field that could contribute substantially to the development of similar

educational software is Artificial Intelligence. Creating “personalized” tutoring based on

the individual responses of the student-user could provide another dimension to such
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educational software. Work along these lines in elementary solid mechanics is currently

under development by Viteri. [Viteri 2001]

Given that the Solid Mechanics Learning Modules are a product, which has been
developed essentially in the lab without direct input and feedback from their prospective
audience, the design of an effective evaluation scheme would help the developers to
improve substantially the content and the quality of the modules. By taking advantage of
the relatively large audience that the CD-ROMs, described in chapter 5, will be addressed
to, the evaluation can be done both effectively and within a relatively short period of
time. The evaluation should be designed in a way that can provide information on the

following:

¢ The relative success of its educational goals,
o FEase of access and user-friendliness of the interface,
e Weaknesses pointed out by the students together with their thoughts and

suggestions for possible improvements

Including the Solid Mechanics Learning Modules in a library of learning modules based
on the idea proposed by Shepherdson [Shepherdson 1997] is among the future steps of
research. By combing a large set of modules, in a complete set of material available
through the Web, the potential audience will increase dramatically and hopefully its
impact to engineering education will do so as well. Apart from designing the material to
be included into such a library, it is equally important for the future developers to
consider a number of technical, legal, and economical/marketing issues so that the library

can reach its maximum potential.
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APPENDIX: STORYBOARDS OF SEVERAL SUBTOPICS’

Introduction of the Beam

Define the beam as a “horizontal
load-bearing element”

Illustrate beams within
real world structures

A simple wooden bridge A roof with I-beams

Explain what a beam does:
Carries loads over horizontal gaps

Figure A-1: Subtopic 1 - Introduction of the beam

7 See page 36
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Introduction of the Beam

Define Vector Force

Differentiate between
Point/Distributed loads

'

Visual example
Sketches associated with
vector diagrams

Stork standing / \

on one leg

Hog lying
down

Figure A-2: Subtopic 2 - Introduction of the Loads
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Load Transfer

Vertical Load / \ Horizontal

Transfer Load Transfer
Example: Example:
Stork standing Car braking on a
on one leg bridge deck
Animation: Animation:

i e Simul us schematic and
Reaction forces transferred to taneo atic

the supporting sides within a
pseudo-time

vector force representation.
As car brakes vector force

representing horizontal

reaction increases

Figure A-3: Subtopic 3 - Load Transfer
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Support Configuration - Stability

Example:
The caron a
bridge deck
Support Start Two rollers Iml?rove Fixed
system from design support
Check response to: We observe
deformations

v

Vertical load acting
downward )

iz

Horizontal load >'

v 3

Unstable ? —» Why?

Vertical load acting
upward

Figure A-4: Subtopic 4 - Support Configurations and Stability
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Support Configuration - Deformations

Example:
The car on a
bridge deck

Effect of the car’s load on
Deformed Shape /\

\

Magnitude of Deformations

Various Type of load Various Cross-section
support Point vs. load orientation vs.
configurations distributed load magnitudes loading direction

1

l

Are deformations greater?

Figure A-5: Subtopic 5 — Support configurations and Deformations
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Analytical Expressions for equilibrium

Example:
The caron a
bridge deck

'

Determinate Beam

Write the equilibrium equations

78

Figure A-6: Subtopic 6 — Analytical expressions for equilibrium
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Analytical Expressions for internal forces

Example:
The car on a
bridge deck

Determinate Beam

'

Introduce the cut

l

Show existence of internal forces

:

Write the equilibrium equations

Figure A-7: Subtopic 7 — Analytical expressions for internal forces
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