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Abstract

Interactive multimedia identifies a relatively new technology that integrates a
variety of media (including video, sound, music, photographs, drawings, computer
graphics, and animation) into a single electronic medium, and it provides the ability
to link ideas in a nonlinear format. Increasingly, with the rapid advances in digital
and computer technology, it is digital-based storage platforms (multimedia hardware
systems) that are gaining attention for multimedia delivery. Compact disc read-only
memory (CD-ROM) and other digital-based platforms are evolving rapidly; these new
technologies are enhancing the capabilities of multimedia.

The primary goal of this study is to provide CD-ROM and World Wide Web
(WWW) based multimedia instructional tools for computer science students. They
can be used by introductory level students to learn the basic fundamental concepts
of programming with Java.

This research will also assess the multimedia took kit’s value in aiding the student’s
ability to learn fundamental Computer Science concepts, and an assessment will be

made of its merits on various facts, such as effective understanding of concepts, time

of learning, etc.
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Chapter 1

Introduction

“Literally, multimedia is the integration of two or more communications media.
It is the use of text and sounds, plus still and moving pictures to convey ideas...it is
built around the premise that anything words can do, words with sounds and pictures
can do better”[1].

Interactive multimedia identifies a relatively new technology that integrates a
variety of media (including video, sound, music, photographs, drawings, computer
graphics, and animation) into a single electronic medium, and it provides the ability
to link ideas in a nonlinear format. Increasingly, with the rapid advances in digi-
tal and computer technology, it is the digital-based storage media that are gaining
attention for multimedia delivery. Compact disc read-only memory (CD-ROM) and
other digital-based media (e.g. Intranet, Internet) are evolving rapidly, and these new
technologies are enhancing the capabilities of multimedia.

“Well-designed interactivity initiates and conducts an electronic conversation be-
tween the presenter and the audience, or between the user and the program,” says
Robert Lindstrom of New Media magazine. “As the conversation develops, each
learns more about the other in an effort to get the information they’re after or to
better focus a response”[2].

Certainly multimedia resources are increasingly embraced in elementary and sec-
ondary education. In that sector, both the range of products and the applications for
this technology are expanding rapidly. By contrast, higher education has not demon-

strated equal enthusiasm, but this does not necessarily mean that multimedia have
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little to offer.
One of the major achievements of multimedia systems is that they have made it

possible to represent many concepts by using animation, 3-D graphics and sound.
Well-designed multimedia learning materials can be used to help students learn more
easily and more quickly through the use of illustration, animation, different struc-
turing of materials, and increased control of and interaction with learning materials.
For instance, when a computer science instructor teaches the programming concept
of “Bubble Sort”, he or she can use multimedia technology to translate the concept
from a static description into a dynamic process. Thus students can understand the
programming concept visually and perhaps learn it more quickly.

Computer Science departments are facing an enormous demand for instructor time
because of rapidly increasing student population and class size, and many faculty
members, whose own experience was formed when they were students attending uni-
versity which was then reserved for a relatively small elite, have never come to terms
with the implications of “mass” higher education. They view with genuine distress
the lack of interaction and communication that results from large class size, and the
impact on their research time of increasingly demanding administrative and teaching
duties. Many faculty members now recognize that these unpleasant circumstances
are unlikely to go away unless alternatives that can provide effective instruction are

found.

1.1 Multimedia and Objectives of Learning

Reynolds and Anderson (1992)[3] describe the relevance of multimedia to three

objectives of learning:

e Cognitive objectives. Used to teach recognition or discrimination of applicable

visual stimuli and audio stimuli.

e Psychomotor objectives. An excellent tool to recreate real world conditions.
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e Affective objectives. Interactive multimedia is very useful in the affective do-
main. The strength of detailed portrayal of situations and interactive partici-

pation of the learner increases its usefulness for affective domain objectives.

According to Dual Coding theory[4][5][44][45], information is processed through
one of two generally independent channels. One channel processes verbal informa-
tion, such as text or audio. The other channel processes nonverbal images, such as
illustrations and sounds in the environment. Information can be processed through
both channels. This occurs, for example, when a person sees a picture of a dog and
also processes the word “dog.” Information processed through both channels is called
referential processing and has an additive effect on recall [6][7]. They conclude that
learning is better when the information is referentially processed through two chan-
nels than when the information is processed through only one channel. Referential
processing may produce this additive effect because the learner creates more cognitive
paths that can be followed to retrieve the information.

Soloway([8] describes a situation in which, with the help of multimedia, a visually
oriented student was able to use images from art to illustrate abstract concepts in
physics. Livergood[9] concludes in his research study that while “the addition of
multimedia content and methodology to traditional instructional material does not
invariably improve test scores of undergraduate students...presenting material in a

modified multimedia intelligent tutoring system can significantly improve test scores.”

1.2 Multimedia and Computer-Assisted Instruction (CAI)

In general, computer-assisted instruction (CAI) is a generic term covering all kinds
of instructional systems regardless of the subject domain or their design. They are also
referred to as computer-based instruction (CBI) or computer-aided learning (CAL).
In particular, CAI refers to earlier instructional systems that are less adaptive to
the particular requirements of individual students. Examples of CAI systems include
PLATO (Bitzer & Skaperdas, 1970) and TICCIT (Merrill, Schneider, and Fletcher,
1980). These early CAI systems were mostly designed by experienced teachers for

the specific domains in which they were expert. The systems were student oriented

4
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and mostly linear CAI: that is, all users (learners) were treated the same and were
led through an identical learning path. Later, branching CAI systems evolved with
different learning paths for students to follow, depending on their requirements.

There are an increasing number of multimedia applications in CAI, including
composition using multimedia, CD-ROM training using multimedia and multimedia-
based photoelectronic sensor vision tutorial. The World Lecture Hall (www.utexas.edu)
offers hundreds of courses from universities all over the world, many with multimedia
components. Others include San Francisco State University’s “Introduction to Mul-
timedia” course, which features excellent design, interactive multimedia, graphics,
streaming audio, and chat (www.cel.sfsu.edu:80/MSP/msp.html), and Banner 2000,
which uses Macromedia Authorware (Wayne State University) .

The reason for an expanded interest in multimedia-supported CAI is understand-
able. According to a research study by the U.S. Department of Defense[47], courses
delivered by interactive multimedia instruction systems did as well as or better than,

courses given by traditional methods. Research results indicated that:
1. students like interactive multimedia instruction better than traditional methods;

2. students learn more from interactive multimedia instruction than from tradi-

tional methods;

3. students probably retain more from interactive multimedia instruction than

when using traditional methods;

4. interactive multimedia instruction takes less time than conventional methods.

1.3 Multimedia and WWW (World Wide Web)

Many instructors are now using the World Wide Web both as a presentational
tool in lectures and also as a means of making lecture notes conveniently available to
students outside of the classroom. The World Wide Web has an additional advantage
in that instructors can access other sites from around the world through Internet

links, and bring materials from these sites into their lectures.
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Another use of the Web is to create databases of slides, photographs, illustrations,
and video clips that can be drawn from for a lecture, or made available to students
for on-line access. By employing software such as WebCT (Web Course Tool), the
Web can also be used to create on-line discussion forums for students and instructors.

One disadvantage of using the Web is that it requires a special computer language,
Hyper Text Markup Language (HTML) to create Web pages. Although new Web-
development tools and the automatic conversion of word-processed documents into
HTML make it easier for instructors to develop Web pages, other developments, such
as Java programming, make it more complex.

One of the more explosive growth areas of the World Wide Web is the opportunity
it affords for distance learning. With courses ranging from “Rhetoric of the Road” at
the University of Texas-Austin, to “Slacker Studies” at the State University of New
York-Cobleskill, we are beginning to see video, audio and even some interactivity
in many offerings. Of particular interest are the newer interactive multimedia tech-
nologies found on the Web. These include Java, Virtual Reality Modeling Language
(VRML), Macromedia company’s Shockwave , etc..

In one experiment conducted at the University of Massachusetts, the path of a
ball on a circular track was videotaped; a segment of the track was then removed
and another video segment captured the path of the ball as it was about to leave the
track. When queried at this point as to where the ball will go next, many students
get stuck; their intuitive senses tell them the ball will go off in an upward path or
a downward path but not the straight ahead path that it actually takes. A third
video segment showed the actual straight-lined path of the ball leaving the track. An
animation done in Macromedia’s Director and then put on the Web with Shockwave
showed that, a circle is really composed of an infinite number of straight lines and
the ball goes off in a straight line. This straight line path is, in fact, counterintuitive
to a large number of students. “Our research indicated that students using these
multimedia supplements to their regular course materials did significantly better on

tests than students who did not use them”[10].
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1.4 CD-ROM

CD-ROM technology was introduced in 1985 as a medium for the mass storage of
computer-readable text. Each 4.72-inch disc stores approximately 650/800 megabytes
(MB) of digital data. CD-ROM discs can store digital text, graphics, audio, and video
images. Because of its large storage capacity and high-speed data transfer, CD-ROM
is often used for storage and retrieval of large bodies of information such as extended
databases and encyclopedias.

CD-ROMs are replacing floppy disks in the computer industry, and CD-ROM
drives are standard on personal computers today. More and more software compa-
nies are shipping their multimedia products on CD-ROMs. Language laboratories,
computer-aided design in architecture, simulated science experiments, and large re-
search databases containing multimedia resources such as graphics, compressed video,
and audio are examples of the main uses of multimedia CD-ROMs.

CD-ROMs have been the ideal medium for multimedia production. Currently,
multimedia materials with video and audio clips generally require too much network
bandwidth for convenient delivery over public Internet systems. A small number of
instructors are using multimedia CD-ROM technology to support teaching. Multi-
media CD-ROMs are usually used in computer laboratories (where desktop personal
computers may be networked to a local server), or on stand-alone computers using a

CD-ROM drive.

1.5 Multimedia Development Tools

There is an increasing amount of off-the-shelf software now available that can be
integrated into regular classroom teaching or computer laboratory work. Choosing
the multimedia development tool is one of the most important project decisions. Fac-
ulty should be aware of some key considerations: “development time, distribution,
uniqueness of features, technical resources, and target hardware”[11]. At the outset,
the prospective multimedia author should identify who will be using the tool and
how much time they have to learn it, what specialized features the tool should sup-

port, what level of support is offered by the vendor, and with what equipment. In

7
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most cases, faculty will be satisfied with some authoring software such as Microsoft’s
Word, PowerPoint and FrontPage. Typically, authoring software “not only enables
the creation of multimedia-based [materials], but it provides a system to manage the
delivery”[12]. They are useful for “situations where one does not envision distributing
many copies of the program or a long lifespan for the product”[11]. Authoring systems
offer the advantage of being available in a range of complexity and cost. Generally,
more complex and expensive programs such as Macromedia’s Authorware require a
greater investment of time in learning the program. At the other end of the range,
Microsoft’s PowerPoint or Apple’s HyperCard allow the user to create multimedia
presentations more easily and affordably, but with less flexibility. The alternative
to authoring software is to use a programming language. This is more appropriate
“for applications that will be sold off the shelf, or require some special new features
or capabilities”[11]. Before any choice is made, the purpose of the project must be
clear: “many projects have gotten into trouble midway through, when the develop-
ment tool, originally selected for its ease-of-use, proves inadequate to accommodate
the final design”[11].

Although the number of commercial CD-ROMs suitable for application in higher
education is increasing, it is still often difficult to find the right kind of material
to meet a particular instructor’s needs. Hence, the use of multimedia to support

classroom teaching is still relatively low in higher education.

1.6 Research Motivation

New technologies such as the World Wide Web and multimedia have the poten-
tial to widen access to students, increase flexibility for “traditional” students, and
improve the quality of teaching by achieving higher levels of learning. Under the
right circumstances, multimedia technology can lead to improvement of teaching and
learning.

The primary goal of this thesis research is to provide a CD-ROM and WWW

based multimedia instructional tool for computer science students. The multimedia
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tool will be used by introductory-level students to learn the basic fundamental con-
cepts of programming with Java. Two concepts, “loop” and “array” are selected for
illustrations in this multimedia tool.

Experience of computer science lecturers informs us that, introductory- level stu-
dents are generally not capable of visualizing the dynamic process when the instructor
employs only static examples. A portion of this Master of Science research is to de-
velop a multimedia tool kit and to assess its value in aiding the student’s ability to
learn fundamental Computer Science concepts. The students, in addition to their
regular modes of learning (e.g., lectures, labs, etc.), will be allowed to use this tool
kit, and an assessment will be made of its merits on various factors, such as effective
understanding of concepts, time of learning, etc. This study is significant in terms of

guidance for necessary improvements to such multimedia tool kit.

1.7 Organization of the Thesis

This thesis consists of six chapters.

A number of selected CAI tools are investigated in Chapter 2. All these tools
have been used to support teaching activities at universities. A literature review
of these tools is discussed in detail, including background, capability, strengths and
weaknesses, relative cost of creation and maintenance.

Chapter 3 presents how we design and develop of our multimedia instructional
tool-AIMIT, such as the delivery platform and delivery media of AIMIT, and the
reason why we choose Macromedia’s Director 7.0 as development tool. The authoring
workstations and complementary hardware of AIMIT are discussed in this chapter,
and the strategy of analysis and design used in this project is also presented.

In Chapter 4, the implementation and delivery details are introduced. The Di-
rector’s developing environment of AIMIT and Window Management of AIMIT are
discussed. In this chapter, we also describe the process to produce the audio files for
AIMIT, and examine the technology of Shockwave movie. Delivering the product is
presented in the last Section of Chapter 4.

Chapter 5 describes the evaluation of the multimedia instructional tool, AIMIT.
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The general methodology used for the evaluation is introduced, and the evaluation
methods used for AIMIT are discussed. The general criteria and expert review criteria
applied for formative evaluation are presented in detail in this chapter. Finally, we
discuss the methods used for summative evaluation, and examine the results from the
experiments.

A brief conclusion is made in Chapter 6, outlining the summary of contributions.
Some suggestions for future work are also discussed in this chapter.

A photocopy of the consent form along with the questionnaire used in the project
are presented in Appendix A. The Ethical clearance approval letter from the Research

Ethics Board is also included in Appendix A.

10
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Chapter 2

Literature Review

In general, computer-assisted instruction (CAl) is a generic term covering all kinds
of instructional systems regardless of the subject domain or the design. These systems
are also referred to as computer-based instruction (CBI), computer-based education
(CBE), computer-managed instruction (CMI), computer-enriched instruction (CEI),
or computer-aided learning (CAL)[13][14][15]. In particular, CAI refers to earlier in-
structional systems that are less adaptive to the particular requirements of individual
students.

Early example of CAI systems includes PLATO and TICCIT. Normally, these
specific systems were designed by experienced teachers for the specific domains in
which they were expert. The systems were student oriented and mostly linear CAI;
that is, all users (learners) were treated the same and were led through an identical
learning path. Later, branching CAI systems evolved; that is, there are different
learning paths for students to follow, depending on their requirements. In fact, many

present simulation and learning games also qualify as CAL

2.1 Two typical earlier CAI systems

2.1.1 PLATO

PLATO is a timesharing system designed for Computer-Based Education. In

1963, Don Bitzer, a professor at the University of Illinois, Champaign Urbana, was
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responsible for organizing a team of engineers to design the PLATO hardware. The
partnership between the University of Illinois’ Computer Education Research Labo-
ratory (CERL) under the direction of Donald Bitzer, Control Data Corporation, and
the National Science Foundation, resulted in the development of PLATO.

The original goal of the PLATO project was to design a computer-based system
for instruction. PLATO was designed to use a mainframe-based system rather than
a smaller minicomputer because of greater program and storage capability. Kinzer et
al.[16] states that “the goal of PLATO was to deliver cost-effective, computer-assisted
instruction”. A larger library of programs would be available for student use, more
sophisticated programs could keep track of individual students’ progress, and the
number of simultaneous users could be dramatically increased [17].

The PLATO system used a special-purpose programming language called TUTOR
to write educational software. PLATO remained a small communications system
during the 1960s supporting only a single classroom of terminals. In 1972, PLATO
was moved to a mainframe environment that allowed up to one thousand users to
connect simultaneously[18].

In 1973, PLATO IV was introduced. It was a large time-shared instructional sys-
tem. Hundreds of terminals were available with each terminal servicing one monitor
and keyboard. All data and programs were stored on a central computer. Hundreds
of students could use the system simultaneously to access and use interactive ed-
ucational and communications software. This system allowed instructors to design
instructional material at the same time students were studying lessons [19]. In the
Fall of 1973, David R. Woolley designed communications software for the PLATO
system called Notes. From this program, other on-line communication programs such
as Talkomatic, Term-Talk, Personal Notes, and Group notes were developed and
released.

In 1975, Control Data Corporation set up its own PLATO system in Minneapolis
and began turning PLATO into a product. By 1985, over 100 PLATO systems were

operating at sites around the world, about 60% of them running around the clock.
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2.1.2 TICCIT

Another earlier major CAI system, TICCIT, was designed to be the primary,
rather than the supplemental, medium of instruction for 5,000 college students “us-
ing minicomputers, color TV, graphics, and the expertise of content specialists and
psychologists well-versed in instructional design” [20]. According to Saettler[23], the
MITRE Corporation and the University of Texas initially intended to introduce TIC-
CIT for elementary schools in 1969. Other authors state that TICCIT mathematics
and English freshman-level courses were eventually launched at two community col-
leges, Phoenix College in Arizona, and Northern Virginia College in Alexandria in
1971-72 ([20]; [21]). An instructional design tool called RULEG running on TICCIT
was developed at the University of Texas and Brigham Young University, and funded
by a grant from the National Science Foundation in 1977{22]. RULEG provides a
general statement, or rule, as well as examples of how the rule is applied. Niemiec
and Walberg[24] state that this tool was innovative because the “instructional tactics
were unique to the system and not particular to the authors of programs.” TICCIT
attempted to test the effectiveness of computer-aided instruction (CAl) against the
traditional classroom format[23]. TICCIT, together with PLATO, received 60 mil-
lion dollars in funding from the National Science Foundation, and both were formally
evaluated by the Educational Testing Service (ETS)[20].

ETS’s evaluation was mixed. Both the TICCIT mathematics and English course
students reported “significant achievement” over the traditional classroom formats;
however, more students favored lecture classes over TICCIT English courses, and
fewer students completed the TICCIT math courses when compared to the standard[20].
Both the design and the implementation of the TICCIT project had influence upon
the development of subsequent Instructional Technology. “For the first time, a large
scale project emphasized innovative approaches to hardware as well as in-depth con-
sideration of learning theory and instructional strategies in the design of the course
materials[20].” The CAI research highlighted factors that influence effective learn-
ing. For example, Chambers concluded “many students simply did not complete the
mathematics CAI course, apparently because the faculty paid little or no attention

to their needs”[20]. The faculty’s minimal interaction was perhaps the result of fear
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of technology or inadequate training. Most instructional development plans today
analyze the needs of all users, both students and instructors, and try to build in ad-
equate support. Also, TICCIT strongly emphasized the concept of learner control as
well as component design theory[21]. However, the TICCIT math students did not
receive sufficient feedback about their progress, and consequently made poor control
decisions about what and when to study, to practise, and to test.

Instructional developers who design a tutorial program such as this must embed
interaction either into the program itself or through instructor training, and they
must also evaluate how much learner control is appropriate given the skill base of the

targeted learners.

2.2 Intelligent Computer-Assisted Instruction (ICAI)

Intelligent Instructional Systems (IIS) emerged as a result of increasing emphasis
on the system-learner interactivity as well as the application of Al techniques in
the instructional process. IIS is generally known as Intelligent Computer-Assisted
Instruction (ICAI) or Intelligent Tutoring Systems (ITS). Frequently, these terms are
used interchangeably.

In particular, it is believed that ICAI systems are more complete in terms of overall
instructional strategy and coverage [48]. They cover course planning, teaching, and
tutoring as well as assessment aspects of instruction, whereas ITS may be viewed
as a subset or branch of ICAI, as ITS often focus only on the tutoring aspect of
instruction. Examples of ICAI development include STEAMER[49] , PROUST [50],
LISP-tutor[51] , GUIDON [52].

2.2.1 STEAMER
Before STEAMER, most IT systems were non-graphical. STEAMER is a learning

system to help people learn to operate “power stations,” which simulates a graphi-
cally interactive interface of the controls and console of a power station. STEAMER
is called an “interactive inspectable simulation” by its authors. The graphical com-

ponents in STEAMER are not only operating elements which take the place of a
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keyboard, or mere illustrations of the language content, but an important explana-
tory part of the communication between system and user. The authors describe
the graphical representations on the screen as “dynamic graphical explanations™[49],
which are well suited to depicting dynamic recursive models difficult to express with
language means. “Such a qualitative graphical interface can operate as a continuous
explanation of the behavior of the system being modeled by allowing a user to more
directly apprehend the relationships that are typically described by experts”[49].
After training with STEAMER, researchers found that the students could begin
to exhibit expert-like behavior by running simulations of the process, by testing hy-
potheses before resorting to the physical system, and by exploring the system even if

it resulted in errors in performance.

2.2.2 PROUST

PROUST (Program Understanding for Students) is an intelligent tutoring system
which finds errors (“bugs”) in Pascal programs written by novice programmers. It
is not confirmed to a narrow class of error, but designed to find all bugs in most
beginner’s programs. It is claimed[25] that PROUST can identify seventy percent of
all the bugs in the programs that students write for moderately complex programming
assignments. Having identified the bug, PROUST determines how the bug can be
corrected and suggests why the bug arose in the first place. PROUST therefore is
part of a wider system which assigns exercises to students, analyses their work and
gives them helpful suggestions.

The teaching of computer programming requires a great deal of individualization.
A class of 100 students writes 100 different programs, each different in design and
with different bugs for the same programming exercise. Bugs in programming arise
from a number of different sources: accidental omissions (missing variable declaration
or initialization), failure to work out how all the different procedures work together
(each piece of the program appears correct, but the program does not run properly),

and misconceptions about the language (the program does not do what is expected

of it).
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If an automatic tutor is to cope with variations and with types of student er-
rors, it must understand what the programmer is trying to do. PROUST achieves
its level of competence by being provided in advance with a description of the prob-
lems set for the students. Each of the problems given to students is also coded in a
frame-based problem-description language and added to PROUST’s library. Further-
more, PROUST has a further knowledge base of common bugs in Pascal programs.
Therefore, as long as it knows what problem the student is trying to solve, and what
possible mistakes are possible in the language, it can identify them in the student’s
various programs.

PROUST synthesizes each program, looking up the corresponding problem de-
scription in the library and forming a hypothesis about the methods by which pro-
grammers may solve each part of the problem. If one of these hypotheses fits the
student’s code, then PROUST concludes that the student is correct. If not, it checks
its library of common bugs to see if any of them fit the code.

PROUST has been tested on a large number of Yale University undergraduates.
It has also been used on a bank of recordings of student programs submitted to the
Pascal compiler. PROUST has managed to score well over 70 percent in the tests
identifying all of the bugs in Pascal programs. However, according to Johnson and
Soloway, “17 percent of programs are analyzed partially... 4 percent of the programs,
deviated from PROUST’s expectations so drastically, it could not analyze them at
all”[25]. A major problem with PROUST is that when it fails to understand a program
completely, its ability to recognize bugs deteriorates dramatically. This indicates the
sensitive role of a complete problem-description library.

PROUST has been developed at a cost of half-a-million dollars over a 4-year
period at Yale University with two programming assistants. It consists of 15,000
lines of LISP code runs on a DEC VAX750. It takes 3-5 minutes to correctly identify
bugs in novices’ Pascal programs.

Micro-PROUST is another version of the system running on an IBM PC (512K)
with Golden Common LISP. This has supposedly taken one programmer two months
to produce and only has one-fifth of the bug catalogue of PROUST. It takes only 90

seconds to run but has an unknown rate of success.
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2.2.3 LISP-Tutor

As the result of the experimental nature of work in the area of ICAI, no clear
general architecture for such systems can be currently identified. However, the work
of Carnegie-Mellon University Psychologist John Anderson, and his colleagues, on the
LISP tutor[26], and the geometry tutor(27] is offering a strong hint of a breakthrough.

There are four components to their ICAI architecture:

1. Domain expert: this module is capable of actually solving problems in the

domain. This is sometimes also referred to as the ’ideal student’ model.

2. Bug catalogue: this is an extensive library of common misconceptions and errors

in a domain.

3. Tutoring knowledge: this module contains the strategies used to teach the do-

main knowledge.

4. User interface: this is the module which administers interaction between the

tutor and student.

The student’s interface is through a smart screen editor. As long as the student
does not make an error, the tutor remains quiet and therefore is seen as no more than
an editor. If the student inputs an error in his/her program, the system diagnoses
the error and provides feedback in the form of a hint.

The LISP tutor contains approximately 325 production rules about planning and
coding LISP programs and 475 buggy versions of those rules. It is claimed to be
“effective in diagnosing and responding to between 45 and 80 percent of students’
errors”[26]. It can be run under VMS or UNIX operating systems on DEC VAXs. A
single work station with 2 megabytes of memory could support one user. With 3-4
megabytes on a VAX730, it can support two users, and with 6-8 megabytes available
it could be used as a time-sharing program. The LISP tutor is commercially available
from Advanced Computer Tutoring Inc.

The LISP Tutor, has been shown to have a significant effect on student mastery of

the LISP. For example, in one controlled experiment, two groups of students attended
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the same lectures on LISP programming, and one group completed the exercises in the
traditional manner while the other group used the LISP Tutor. The students using the
LISP Tutor spent 30 percent less time on the exercises and scored 43 percent better
on a post-test than those not using the LISP Tutor[28] . Further classroom use of the
LISP Tutor at Carnegie-Mellon University for a one-semester course in LISP showed
that students were able, as a whole, to achieve a full letter grade improvement in their
final course grade by using the LISP Tutor when compared with previous classes that
did not use the tutor. Interestingly, poor students demonstrated the most significant

performance improvement[28].

2.2.4 GUIDON

GUIDON is a system which uses MYCIN[46] for tutoring the students. It includes
an independent module containing teaching expertise as well as a limited amount of
competence to carry out a coherent dialogue with the student. GUIDON attempts
to transfer expertise to the students exclusively through case dialogues where a sick
patient (the “case”) is described to the student in general terms. The student is
asked to play the role of a physician and ask for information which he thinks might
be relevant to this case. GUIDON compares the student’s questions to those which
MYCIN would have asked and critiques him on this basis. GUIDON uses a “closed
world” model where all objects, attributes and values that are relevant to a case are

determined before the tutorial session begins.
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GUIDON can therefore provide at any point:

1. A list of all data relevant at that point;

2. Sub-tasks to be performed;

3. Hints on how to go about a problem;

4. A summary of all evidence already discussed;

5. Demonstration of a task;

6. Completion of a diagnosis if the student gives up.

Clancey’s work on GUIDON shows a great deal of promise for the use of expert sys-
tems in the next generation of CAI systems. In such a frame-oriented CAI system,
the medical and teaching expertise is “compiled” into the branching structure of the
frames while in GUIDON these are available for inspection and change while the pro-
gram is running. This also provides the possibility of quick and simple modifications
to be made to the system without needing to worry about the fixed structure of the

dialogue in advance.

2.3 World Wide Web (WWW)-based Tutoring Systems

2.3.1 What is WWW?

The Internet is the world’s largest, most powerful computer network connect-
ing personal computers, sophisticated mainframes, and high speed supercomputers
around the globe. Current estimates suggest that millions of computers are part of
the Internet.

Because a myriad of computers and programs are part of the Internet, incompat-
ibility problems can result because information is created using different computers
and software. In 1989, a group of scientists at the European Laboratory for Particle
Physics (CERN) in Geneva, Switzerland began developing an Internet tool that would
link information produced by all of the CERN researchers. The tool provided a way
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to link textual information on different computers and created by different scientists.
The object was to overcome issues of incompatibility and utilize a new way of linking
made possible by computers, called “hypertext”. Rather than presenting information
in a linear or hierarchical fashion, hypertext permits information to be linked in a
web-like structure. Nodes of information can be linked to other nodes of informa-
tion in multiple ways. As a result, users can dynamically criss-cross the information
web using pieces in the order most convenient to them. The CERN project resulted
in an innovative front-end to the Internet, now referred to as the World-Wide Web
(WWW).

The WWW provides users with a uniform and convenient means of accessing the
vast resources of the Internet. In 1993, the National Center for Supercomputing
Applications (NCSA) at the University of Illinois pushed the CERN scientists’ idea
further by creating a software tool called Mosaic. Mosaic is an easy to use graphical
user interface that permits text, graphics, sound and video to be hyperlinked. Mosaic
was the first of the Internet tools that are now referred to as “ Web browsers”. Other
well-known browsers include Netscape (the first commercial browser developed by
some of the programmers involved with the Mosaic project) and Microsoft’s Internet
Explorer. Web browsers permit users to connect to the Internet and facilitate access-
ing information located on another remote computer. The Web browser links to the
remote computer just long enough so that the information you need can be sent to
your computer for you to view. Documents created to be viewed by a browser are
formatted using Hypertext Markup Language (HTML).

HTML solves incompatibility problems by using standardized tags which indicate
such things as whether a piece of text should be plain, bold, italic, or linked to
another piece of text. Pages of information on a computer formatted with HTML
and accessible to someone with a Web browser, are referred to as “home pages” or
“Web pages”.

Originally, the WWW was used to retrieve information from all over the world.
Very soon, however, it became clear that the WWW could allow for extended in-
teractivity. With the increased utilization of the interactive features of the WWW

a lot of learning systems emerged that introduce users into various domains. The
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number of learning courses is exploding, and one can see a lot of interesting features
that have emerged with the improved capabilities of new WWW browsers. These in-
clude Blackboard, Convene, eColledge.com, WebCT, Centra99 Symposium, Virtue-U,
etc. As well, some of these WWW-based tutoring systems have been built to sup-
port distance learning, among the most popular are: WebCT, Centra99 Symposium,
Blackboard, etc.

2.3.2 Why Use the WWW for Distance Learning?

The WWW and Web browsers have made the Internet a more user-friendly envi-
ronment. The ability to integrate graphics, text, and sound into a single tool means
that novice users do not have to struggle with such a steep learning curve. In addi-
tion, organizations and individuals can create home pages independently and link to
other home pages on their own computers or to pages created by others on different
computer systems. For educators, the WWW provides an exciting new opportunity
for distance teaching and learning. The WWW can be used by the distance educator
to build a classroom home page. The home page can cover information about the
class including the syllabus, exercises, literature references, and instructor’s biogra-
phy. The instructor can also provide links to information on the WWW that would
be useful to students in the class (e.g., research data on agricultural markets, global
climate change, or space missions). Other links can access library catalogs or each
student’s individual home page. In addition, the home page can link students to a
discussion list or listserv set up for student communication. It is also a relatively
simple matter to use the homepage to create forms that students can fill out and that
will end up being sent to you as an e-mail message.

Distance education allows you to take a course anytime and anywhere. It gives
you the flexibility of studying what you want (e.g. a student can register a course
he/she is interested in), when you want (e.g. Tuesday evening at 9:00, Saturday
morning at 6:30, during your lunch hour at work), and where you want (e.g. from
your home, from your office, while travelling). Distance education courses teach the

very same competencies as face-to-face courses offered on a campus; the differenceis in
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the delivery. Instead of having an instructor provide a lecture and lead a classroom
discussion, distance courses are delivered over the Internet, by using combinations
of audio and/or videocassettes, print and correspondence. Most courses require a
textbook and a specially developed course packet. Some courses require CD-ROMs,
audio and/or videocassettes. What you will need is specified with each course. You
can consult a course schedule or speak with an advisor regarding the equipment needs

of each distance learning course.

2.3.3 WebCT (Web Course Tool)

WebCT is a tool that facilitates the creation of sophisticated World Wide Web-

based educational environments. It does this in three ways:

1. It provides an interface allowing the design of the presentation of the course
(Customize Page, see (1) on Figure 2.1), so the instructors do not need to

spend a great deal of time learning HTML.

o

It provides a set of educational tools to facilitate on-line learning, communica-
tion and collaboration, such as Bulletin Board(2), Private E-Mail(3), On-line
Chat(4), Streaming Video(5).

3. It provides a set of administrative tools to assist the instructor in the process
management and continuous improvement of the course, such as Student Man-

agement ( i.e., marking).

WebCT was built by educators at the University of British Columbia as a tool
to allow educators to build Web-based learning environments without a lot of time,
resources or technical expertise. The project leader, Murray Goldberg, won the uni-
versity teaching prize in the first year as a faculty member at UBC, and has published
works in the area of the educational effectiveness and student acceptance of web-based
learning resources, both in a distance learning setting and as a supplement to lecture-
based courses. Still, WebCT is pedagogically neutral. Its goal is to provide a set of
sophisticated tools useful for a broad range of teaching methodologies, and still make

it easy to experiment with new techniques.
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Your private mail and bulletin board icons will be highlighted in green if
you have new messages.
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Figure 2.1: WebCT Main Tool Page

Today, WebCT has created a clear leader in the Web-based learning market-
place. As of April 2000, WebCT has more than 6 million student accounts in 147,000
courses at more than 1350 colleges and universities in 55 countries. Students spend
an average of 243 minutes each, per course, per month, using this Internet-based ap-
plication to access course content, take quizzes, submit homework and interact with
instructors[55]. By offering a rich suite of course tools, WebCT enables instructors to
quickly and easily create and customize their courses. WebCT is becoming popular
in University of Regina; more than 200 WebCT courses have been created since it
was deployed. In the winter semester of 2001, more than 50 classes used WebCT for

supporting teaching.
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2.3.4 Centra99 (Centra Symposium)

Centra99 is a Web-based enterprise application that enables live eLearning and
business collaboration over intranets, extranets, and the Internet by supporting a wide
range of live business interactions. Centra Symposium is highly flexible, allowing live
eLearning activities to be planned or spontaneous, structured or ad hoc, for internal or
external audiences, large or small. Centra Symposium also enables self-paced viewing

of recorded events.

A shared appiication on presenter's deskiop, such as
Microsoft PowerPoint can be shown here

Figure 2.2: Main Page of Centra99

The Centra Symposium client is ideal for highly interactive team collaboration
and hands-on training applications. The product presents a broad range of features
to provide a rich, collaborative experience, including integrated multi-way Internet
audio conferencing, interactive yes/no feedback, live application sharing, whiteboard,

Web Safari, breakout rooms, just-in-time content updates, IP multicast option, text
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chat, and spontaneous polling and evaluation tools. Each Centra Symposium event
can support up to 250 simultaneous users in a live, structured environment.

Centra Symposium Features:

e Streaming Audio and Video. Centra Symposium is a live Internet collaboration
software to offer fully integrated, multi-way audio conferencing as a standard

feature accessible to all users on a LAN, Internet, or low bandwidth dial-up

connection.

e Live Application Sharing. Centra Symposium delivers high-performance appli-
cation sharing with integrated multi-way audio conferencing. Centra’s flexible
application sharing capabilities allow the delivery of applications in three differ-
ent ways to participant desktops - group interactive, individual hands-on labs,

and broadcast - from any PC over low-bandwidth network connections.

e Uses All Dynamic Content. Centra Symposium is compatible with all major
content formats including video, audio, Microsoft PowerPointAE, graphics and
animations, simulations, interactive multimedia, live applications, and other
Web-friendly content. Using Centra Agenda Builder, anyone can quickly orga-
nize content and agendas for any structured online event. The session leader

then displays content on desktops through simple point-and-click delivery.

e Accessible Delivery. Centra Symposium supports users on multiple desktop
operating systems and browsers, through firewalls, proxy servers and over slow
modem or WAN connections. It delivers full functionality over a single, 28.8

kbps dial-up connection.

2.3.5 AIMIT

AIMIT (An Interactive, Multimedia Instruction Tool for computer science educa-
tion) is built for this master thesis research, which provides a CD-ROM and WWW
based multimedia instructional tool for computer science students. This interactive,
multimedia instruction toc! can be used to support introductory-level students in

learning the basic programming concepts of Java. It is developed to aid the students’
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ability to visualize the dynamic process of Java programming by using multimedia
technology. It can be run from a CD-ROM, so it is portable. It can be posted on
a Web site, so it is 24 hour accessible. Details of development and implementation
of AIMIT are presented in Chapter Three and Chapter Four. In Chapter Five, the

evaluation and experimental results will be discussed.

2.4 Informal Comparison

By looking at the development of CAI over the last thirty years, we see that
improvement have been made on the richness of feedback and the degree of individu-
alization offered the students. CAI systems have greatly improved in computational
sophistication from their humble beginnings of replacing programmed learning ma-

chines. The following table summarizes an informal comparison based on several

features :
Plato Ticcit | Steamer | Prost Lisp- Guidon | WebCT | Centra99 | Aimit
Tutor
Flexi- Yes No No Yes Yes Yes Yes No Yes
bility
Interac- | Yes Yes Yes Yes Yes Yes Yes Yes Yes
tivity
Multi- Yes No Yes No No No Yes Yes Yes
media
OS No No No No No No Yes Yes Yes
Availa- | Access | Access | Limited | Limited | Limited | Limited | All Limited All
bility is is the the
limited | limited time time
Modofi- | Difli- Easy Diffi- Diffi- Difh- Diffi- Easy Easy Easy
cation cult cult cult cult cult
Cost Very High High High High Medium | High High Low
High

Table 2.1: Informal Comparison Chart of CAI Systems

e Flexibility: The ability of the system to adapt itself to different strategies with-

out being geared to any particular one.
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e Interactivity: Allowing the user to learn in an interactive way.
e Multimedia: Audio/video clips, animation can be embedded in the system.

e Operating System (OS): Capability of a program to be migrated easily from

one operating system to another without re-compiling the program.

e Availability: It refers to access limits in terms of when and where the system is

available, or the cost of using the system.

¢ Ease of modification: Capability to allow the developers to modify the program

whenever it is necessary.

e Cost: The cost required to build, maintain, and modify the system.
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Chapter 3

Instructional System Design-The Design

and Development Phase

According to James Khazar, who serves as the art director for Macromedia’s In-
structional Media group, “Multimedia design and development is a complex, arduous,
and harder-than-you-think proposition. Producing multimedia projects with quality,
at a reasonable price, and on time calls for thinking things out ahead of time; estab-
lishing goals and milestones; and working with teams of brilliantly creative people
who work like dogs. It’s not that much different than any other kind of project where
you build a one-of-a-kind product.”[29]

Certain rules must be followed in order to achieve an effective multimedia pro-
duction. These rules are: always plan ahead, keep the users informed, track the
implementation against the plan, and test the results.

This chapter introduces the design and development of our multimedia project.
Section 3.1 presents the delivery platform and delivery media of AIMIT. Section 3.2
discusses the reasons why we chose Macromedia’s Director 7.0 as a development tool.
The authoring workstations and complementary hardware of AIMIT are reviewed in
Section 3.3. Section 3.4 examines the strategy of analysis and design used in this

project.
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3.1 The Delivery Platform and Media of AIMIT

At the very beginning, we need to decide on the minimum system requirements
for running our project—~AIMIT. The IBM compatible PC and Apple Macintosh are
two popular types of microcomputers currently available on campus and at home; a
CD-ROM drive is a standard feature on personal computers; the World Wide Web

is the most popular mode of communication today. AIMIT runs on the following

platforms: (See Figure 3.1)

e Macintosh
¢ Windows 95/98

e Windows NT /2000

AIMIT can be burned on a CD-ROM, and be executed directly from the CD-
ROM, so it is portable. AIMIT, when saved in Shockmovie format can be Web based,
and can be viewed by Netscape, Internet Explorer and American Online(AOL). It is

accessible 24 hours a day.

Running on the hard drive of the workstation I

Running on 2 CD-ROM I

Personal Computer
With Perntium CPU Saved as a Shockwave movie and be viewed

Macromedia on the Web
Director 7.0

Running on the hard drive of the workstation I

Apple Power Mac

Running on a CD-ROM |

Saved as a Shockwave movie and be viewed
on the Web

Figure 3.1: Authoring Workstations

3.2 Authoring tool-Macromedia’s Director 7.0

Choosing a multimedia development tool is one of the most important project deci-

sions. Multimedia technology is changing rapidly, and the average life of a computer
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if often less than four years. Specialized software such as PowerPoint, WebCT, or
Director, are constanly being updated and improved. According to R. Strauss, devel-
opers should be aware of some key considerations: “development time, distribution,
uniqueness of features, technical resources, and target hardware”[11]. At the outset,

the prospective multimedia developer should identify the following key elements:
e User-who will be using the tool;
e Cost—how much time they spend to learn it and the cost of development;

e Compatibility— what level of technical support is offered and with what equip-

ment.

In most cases, the developer will be satisfied with some commonly available version
of authoring software. Barron and Orwig state that, typically, authoring software “not
only enables the creation of multimedia-based [materials}], but it provides a system to
manage the delivery”[12]. Authoring systems offer the advantage of being available
in a range of complexity and cost.

Macromedia’s Director 7.0 is chosen as the authoring tool for AIMIT. The ad-

vanced features of it are:

e Lingo is a powerful script language in Director. The best thing about Lingo,
(Figure 3.2) in comparison to Java and C/C++, is that Lingo’s syntax is easy to
understand, like Pascal’s syntax. Actual English-like commands and events such
as [on mouseDown] (see 1 on Figure 3.2) or [go to movie| (see 2 on Figure 3.2)
make it easy for the user when programming. On the other hand, a programmer
can also use Lingo to the full extent of a complete programming language, such

as C.

e Easy-to-use multimedia environment. When compared to other programming
languages, such as C/C++ and Java, Director offers an easy-to-use multimedia
development environment similar to standard applications, in addition to the

powerful scripting language, Lingo.
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DR
set btn = the clickOn —{1
puppetSound “Mouse Down” _1
set the loc of sprite btn = the loc of sprite btn + 1
updateStage
repeat while the stillDown

end repeat

set the loc of sprite btn = the loc of sprite btn - 1

updat=Stage

pupp=tSound 0

go to movie "Home_index dirsi——oo—0—(2)
end

Figure 3.2: Sample Code of Lingo

e The Director Score window (Figure 3.3) provides a visual interface in which
animation elements can be examined at every moment in time. It also allows
for true cell animation, updating the movements of visual 120 elements in each
frame. Behind the stage is the Director engine, capable of 120 frames per
second. According to Marc Canter, the founder and later director of Video
Works, “Time, as represented by the score window in Director, is the single
aspect that differentiates multimedia from flat media, such as paper. After
all, time is what animation, sound, and video are all about. Combining the
time-line score window and WYSIWYG (what you see is what you get) layout

capabilities, you create an intuitive system for multimedia composition.”[30]

e Director 7.0 accepts and integrates media elements created in specialized tools
for sound, digital video, and graphics. It supports a multitude of new graphics
file formats, including GIF, JPEG, Photoshop PSD.
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Figure 3.3: Score Window of Director 7.0

e Director’s Authoring

a) Director movies burned on CD. CD-ROM drives are standard on personal
computers today, and CD-ROMs are a perfect medium for multimedia
productions. What could be better than 650 MB of free space to fill up
with stuff? The new DVD-ROM drives promise 4.7-8.5 gigabytes of storage
space. Director projects, like AIMIT, can be burned on a CD-ROM by

using a CD burner.

b) Shockwave movie for Internet. One of Director’s most powerful features is
its integration with the Internet. AIMIT saved in Shockwave format can
be embedded on the Web, and Shockwave for Director is the number one
Internet plug-in today. It enables Web pages to display Director movies full
of streaming audio, rotating logos, transitions, sound effects, interactivity,

and more.
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3.3 Authoring Workstations and Complementary Hardware
The authoring workstation we used for AIMIT is as follows:

1) Intel Pentium II processor;

2) 16-bit video;

3) Microsoft Windows 98;

4) 64 MB RAM;

5) 6 GB hard drive space;

6) A 17-inch monitor;

7) Audio card;

8) 8x speed CD-ROM;

9) Headphone (with microphone);
10) Scanner;

11) CD-ROM burner.

3.4 The strategy: Project Analysis and Design

3.4.1 Define the goals

During the analysis phase, we need to determine the goals and project specifica-
tions. The first step in defining these goals is to ask questions, such as, “What is this
research project trying to accomplish?” “What programming concepts are you trying

to teach?” “Why does the user want to use the product?”.
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3.4.2 Resources inventory

First, we need to collect background images, icons, sounds, color palettes, cursors,
text books, Java programming source codes, audio text display, and put them into re-
sources kits. These kits are independent building blocks for multimedia programming.
Some resources, such as background images, are shareable. The collection of colours
used in a picture form a palette. Pictures can be scanned in or copied from existing
document files. Images can be edited either in Director’s paint window or by using
Adobe Photoshop. Sound effects, voice, and music can be recorded and reproduced.
A significant amount of memory space is required for sound and video resources, so
at least 64 MB RAM should be installed on the authoring workstation. Storage space
for resource files can normally be reduced significantly if data compression technique
is used.

Organizing resources into categories makes development and updating easier. The

following resource categories are used for the development of AIMIT:

1. A stock of content, such as text, graphics, digital audio and video that will be
digitized, and all other collateral material.

2. A list, or spreadsheet, of the content that needs to be created from scratch,

which indicates media type, dimensions, resolution, time length.

Creating and editing content is often the most expensive part of a project, so
making a list or spreadsheet is a good way to estimate costs and keep the budget in

line.

3.4.3 Information (knowledge) Design and AIMIT Diagram

In this step, a structure was designed for presenting the information (knowledge)
we want the students to learn. Knowledge and expertise in Java programming was
organized into manageable chunks based on our stated project goals (See Figure 3.4).
Topic headings and subheadings were written hierarchically and links were drawn to
connect the topics. Links between sections will become the paths that a user fol-

lows to access the information. Generally, links should flow logically between sections
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without unexpected jumps or leaps. The user can then easily find the most important
information (knowledge). Does it take more than three jumps to arrive at any place
in the information structure? If so, we need to consider reorganizing, offering naviga-
tional shortcuts, or both. A simple diagram was drawn to focus on the information
content and the logical connections among various forms of information. By breaking
down the information into sections, drawing links, and creating a diagram, we set the

stage for the storyboard, in which we start adding media and designing interfaces.

Table of Contents
Concept of Array Control of Loop
Declaration Example For/While [<—® [nsertion
Loop Sort

Figure 3.4: Project Diagram

3.4.4 Graphic User Interface (GUI) Design

AIMIT provides a multitude of design attributes, including text, visual aids and
sounds, which allow users to learn in a variety of ways.

Consistency between applications is essential in AIMIT. A level of consistency
is brought to every screen, but “look and feel” issues are also considered as well.
According to the GUI design principle, the use of labels and icons must always be
consistent. The same label or icon should always import the same meaning, and
conversely the same meaning should always be represented by the same label or icon.

In addition to consistency of labelling, objects are also placed in a consistent
manner (See Figure 3.5). Each screen window is clearly labelled, with the label
appearing in the same location on every screen. A button bank appears in the same

place along the left side of every screen. Some buttons must change to accommodate
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the needs of any given screen window, but positionality is used consistently.

Title

Audio Text Display
Window

Navigation Buttons

Java Knowledge Display

EQORA

Figure 3.5: Screen Window Layout of AIMIT

3.4.5 Navigation and Interactivity

AIMIT is designed in a non-linear fashion (See Figure 3.6). This allows users
to enter the course where they need the most help and skip sections that they have
already mastered.

User interface of AIMIT provides permanent objects as unchanging reference
points around which the users can navigate. If they ever become lost or disoriented,
they should be able to quickly find the permanent objects, and from there, get to
where they need to be. On the Macintosh, the apple menu and applications menu
are examples of permanent objects, no matter what application the user is in, those
objects will appear on the screen.

AIMIT provides a link to the table of contents on every screen to minimize jumping

through hoops to navigate an information structure. All navigation is reversible.
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If the user jumps somewhere, he/she should be able to jump back. Buttons and
controls that have related functions are grouped together and kept in a consistent
screen location.

The function of each button and control is clear in AIMIT. Different looking
buttons do different things. If the button that takes the user to the next screen is
a right-pointing arrow, a similar right-pointing arrow will not be used for another
function. We use both icons and text to label the navigation buttons, and the first
letter of each main word in the main label is capitalized. Buttons can provide feedback
when a user clicks on them, like playing a mouse click sound and moving a little bit.

Buttons that do not respond when a user clicks on them are lifeless and confusing.

Beginning Index of
of The
Moevie movie

Figure 3.6: Navigation Map of AIMIT
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3.4.6 Creating Storyboard

The storyboard is the main outline for the project. It merges the diagram, script,

screen layout, and navigation design into a single document.

1) Script Gathers the narration and text (audio display text) and puts them into
one document in the order that they will appear in AIMIT. This document
is the text script. Some of AIMIT’s slide screens are heavily time-based and
require synchronizing audio, voice narration, and screen display. We create a
time bar for these screens. Text script is used as a basis and used to insert

audio and animation cues when and where they should occur.

2) Screen layout

Screen layout defines the position of interface objects and media on the com-
puter screen. Designers in print media have traditionally used grids to provide
consistency, balance, and structure in page design and layout. Director 7.0
comes with the capability to define grids on the stage during authoring. Screen
layouts in AIMIT have many of the same design criteria as print pages. A grid

as a framework is used for designing screens. The design process is as follows:

— Create a grid by drawing a chart like the above Figure 3.6.

— Add the navigation controls and screen objects that will be common to all

screens. These include such objects as headings and labels.

— Add background picture and layers to the screen.

e Creating the sample page of the story board

Now it is time to create the storyboard pages. A sample page is shown in Figure
3.7. The number of screens (slides) for each section of the diagram should be
determined, and the content to be displayed on the screen should be decided.
The storyboard is the roadmap for production; it provides a visual overview
of the entire project. By updating the storyboard to reflect completed, added,
deleted, or revised elements as the project progresses, we can get a quick idea

of how the development process is proceeding.
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Artwerk: A Java icon is shown on
the left bottom of the screen.

Animatien: None on this slide.

Audio Text Display:

Let’s examine an example of an array
of arrays. The method makeArray
allocates and retums a trangular aray
of integer arrays. The number of
integers in each component armay
comresponds to that array’s position
within the composite array. Futther,
each component has been initialized
with a sequential value, starting with 1.

Java Sample Ceode:

Interactivity: A HAND cursor will be shown when the cursor
passes over the Buttons.

Buttons depress and make a sound when the user clicks on them|

Home button goes to Home Index with “go to” command.
Back buttan goes back to last section with “ go to movie”
command.

Next Step button goes to next slide with “go markes(2)”
command.

Replay this slide button relays this slide with “go marker(1)”
command.

int[ ][] makeArray (intsize) {
it [1[] triArray = new it (size] [] ;
nt val=];
for( it i=0;i <triAnaylength; i++ ) {

triArray[i] = new ixt [i+1 ];
for( it j=0;j <triAnay{ i ] length; j++)
{
tiAway(i](j] = vals+;
}
}
, wetum triAmay;,

Figure 3.7: Sample Page of Story Board
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Chapter 4

Instructional System Design-The

Implementation and Delivery Phase

In this chapter, the implementation and delivery details of the project are intro-
duced. Director’s developing environment for AIMIT is presented in Section 4.1. In
Section 4.2, Window Management of AIMIT is discussed. Section 4.3 describes the
process of producing audio files for AIMIT. Section 4.4 examines the technology of
Shockwave movies. The Java source code used in AIMIT is presented in Section 4.5.

Delivering the product is presented in the last Section—4.6.

4.1 Director’s Developing Environment for AIMIT
In this section, the development environment of Macromedia’s Director will be

discussed in detail.

4.1.1 The Basic Components of Macromedia Director Movie

When creating and editing a Director movie, we typically work within the four key
windows that make up Director’s work area: the Stage, the rectangular area where
the movie plays; the Score, where the movie is assembled; one or more Cast windows,

where the movie’s media elements are assembled.(See Figure 4.1)
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Sprites on the Stago

Cast Wirciow

Cast Member
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Figure 4.1: Basic Components in Director Movie
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e The Score and the Stage

The Score coordinates the movie’s media, determining when images appear and
sounds play. Special channels control the movie’s tempo, sound, and colour
palettes. The Score also assigns scripts-Lingo instructions that specify what
the movie does when certain events occur in the movie. The Stage is the visible
portion of a movie. The Stage is used to present where media appear. Working
together, the Score’s settings and controls create a dynamic, high-quality inter-
active piece that plays in a Web page or as a stand-alone application directly

on the user’s local computer.

e Sprites
Sprites are objects that control when, where, and how media appear in a movie.
The media assigned to sprites are cast members. Director organizes cast mem-
bers in libraries called casts (See Figure 4.1). Creating a Director movie consists
largely of defining where sprites appear on the Stage, when they appear in the
movie, how they behave, and what their properties are. We work with sprites
on the Stage and in the Score to change where and how cast members appear in
the movie. In the Score window, sprites appear as horizontal bars spanning the
frames in which the sprite appears. To make sprites appear at different times,

move the bars to different frames.

A cast member can be any media element in a Macromedia Director movie.
Every media element used in AIMIT—shapes, text, sounds, digital movies,
vector images, scripts—becomes part of the cast members. Director organizes
cast members into groups called casts. Once we have created the necessary casts,
we can import and create cast members to populate them. Cast members are

the raw media elements of a movie.

The flow of events is orchestrated in a time line in the score window which is
composed of frames. We bring cast members to the score to appear during
specified ranges of frames. Cast members become sprites when placed in a
channel. The channels tell the sprites where they are and what colour they

should be, and so on. The sprite appears on the stage for whatever frames
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we designate. The same cast member can be reused throughout the movie in

different sections.

To create sprites, drag cast members to the Stage. We can create as many
sprites as we need from a single cast member. Sprites are controlled by the

Score window.

4.1.2 Interactive Action Lingo

Lingo is referred to as a modified object oriented language. It adds interactivity
to a Director movie. We use Lingo to accomplish the same tasks, such as moving
sprites on the Stage or playing sounds.

Much of Lingo’s usefulness, however, is in the flexibility it brings to a movie.
Instead of playing a series of frames exactly as the Score dictates, Lingo can control
the movie in response to specific conditions and events. For example, we can use
Lingo to create animation, stream movies from the Web, perform navigation, format
text, and respond to user actions with the keyboard and mouse.

Writing Lingo also permits us do some things that the Score alone can not do. For
example, Lingo’s lists allow us to create and manage data arrays, and Lingo operators
let us perform mathematical operations and combine strings of text.

Everything created in Director, for example, images, sounds, text is called an
object. These objects become cast members and once placed on the stage, each
instance is called a sprite. We create Lingo scripts to give the objects the appearance
of intelligence to do things. For example, user actions send messages to objects, such
as when the mouse button has been pushed down with the pointer sitting over an
image. Normally nothing happens. However, we can add a Lingo script to the button
image (btn) so that it will respond to the press a button, perhaps, by moving to a
certain place in the score and playing a sound. Director can also send messages to
itself. For instance, a timer can cause actions to happen after a certain amount of
time has passed.

We can use Lingo to turn a sprite into a puppet. A puppeted sprite can then be

controlled by Lingo. To create a puppetSprite, use the following Lingo code:
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puppetSprite 2, TRUE
or

set the puppet of sprite 2 to TRUE

This script sets the puppetSprite of the sprite in channel 2. The script can be
placed in a movie script, a score script, or in a handler such as on mouseUp or on
mouseDown. The puppeted sprite can now be moved to a new location by using
locV and locH Lingo commands or changed to another cast member by using the

memberNum command.

Lingo Syntax of User Action used in AIMIT

e Movement of the mouse pointer - entering, staying within, and leaving the

boundaries of an image sprite: mouseEnter, mouseWithin, mouseLeave

e Clicking the mouse button while pointing at something, double clicking: mouse-

Down, mouseUp, stillDown, hyperlinkClicked, mouseUpQutside, clickLoc, clickOn

e Location of the mousepointer on the screen: functions called mouseLoc, mouseH

(horizontal), and mouseV (vertical)
e Entering text in a text entry field: the text of member “example”

e Which keyboard keys are pressed: keyDown, keyUp. controlDown, optionDown,
shiftDown, the key

e Opening, closing, moving, and deactivating windows: openWindow, closeWin-

dow, moveWindow

e The starting or stopping of the movie: startMovie, stopMovie, prepareMovie

4.2 Object-oriented programming in Director

The advantage of object-oriented programming (OOP) is in the way it blends

the capability to duplicate code with capacity to customize code. Inheritance is an
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OOP term that refers to the capability of one script to incorporate the methods and
properties of another script. Inheritance is the way of reusing existing code for similar

programming problems, rather than writing code completely from scratch every time.

Figure 4.2: Score Window of Navigation Lingo

Lingo

The following Lingo program is used to change the cursor to a hand when a user
moves it onto clickable navigation buttons on screen. Buttons provide feedback when
a user clicks on them. To attach the correct Lingo behaviors, customCursorOn to the
buttons in channels 8,9 and 10 (See Figure 4.2), the concept of inheritance of OOP

is used. (“-” indicates comments of the Lingo code.)

--Navigation Lingo source code
global gVisitedG2,gVisitedG1
global gCustomCursorList,gPointerCursor

set gCustomCursorList = [ ]
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set gPointerCursor = [the number of member ‘‘HandCursor’’,the number of
member °‘HandCursorMask’’]

end

Declaring Parent global variables makes them available to all Child objects in the
movie. To use a global variable in a handler, we must declare it before we use it, as
seen in the following: gCustomCursorList (Parent object)- list of sprite numbers that

have custom cursors turned on.

gPointerCursor (Parent object)- the custom cursor bitmap and mask

on customCursorOn whichSprite
-- Parent method
-- whichSprite - the sprite number to give a custom cursor to
global gCustomCursorList,gPointerCursor
set the cursor of sprite whichSprite to gPointerCursor
-- keep sprites with custom cursors in a list so we can
== turn the cursor off before going to a new section
append gCustomCursorList,whichSprite

end

on customCursor0ff
-- Parent method
global customCursorList
repeat with listPosition = 1 to count(gCustomCursorList)
set the cursor of sprite getAt(gCustomCursorList,listPosition) to 0
-- get rid of the custom cursor for each sprite number found on the list
end repeat
set customCursorList = [ ]
-- reset the custom cursor list since nothing has a custom cursor any more

end
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on mainCursors
--Child object, give the buttons on the MainMenu screen a hand cursor
repeat with buttonSprite = 8 to 10
customCursorOn(buttonSprite)
end repeat

end

on giCursors
~- Child object, give the buttons on the Gl screen a hand cursor
global pointerCursor
customCursorOn(8)
customCursorOn(9)
customCursorOn(10)

end

on g2Cursors
-- Child object, give the buttons on the G2 screen a hand cursor
global pointerCursor
customCursor0On(8)
customCursor0On(9)
customCursorOn(10)

end

From the above, we can conclude that, by using OOP, we only need to declare
the methods on customOn/Off script for the Parent object once, then we can use it
repetitively on the multiple Child objects-mainCursors, gl Cursors and g2Cursors in
channel 8,9 and 10.

4.3 Window Management (User Interface) in AIMIT

In AIMIT, a unified window management, supporting a training environment of

multimedia, is incorporated to provide the means for text or image display under
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different windows and for the user to interact with applications via buttons, anima-
tion, and so on. Different-sized windows are made available to suit presentations of
different purposes such as Home Index window, background, or pop-up window. An

optimal window size is chosen to suit the information being presented.

4.3.1 Home Index Window

e Animation: 12 images of 3-D fonts “Step By Step” (Figure 4.3) created in
Corel Draw 8.0 were imported into the Cast Window, and inserted into the
Score Window by using the animation technique “Cast to Window”. Use Cast
to Time to move a series of cast members to the Score as a single sprite. This
is one of the most useful methods for creating animation with multiple cast
members. Typically, we can create a series of images and then use Cast to
Time to quickly place them in the Score as a single sprite. Director’s onion
skinning feature is also useful for creating and aligning a series of images for

use in animation.

e Text: This slide shows the index used to navigate from scene to scene in AIMIT.

It shows:

— Introduction to Arrays
— Introduction to For/While Loops

— Exit

e Interactivity: A simple mouseclick continues. The Exit button quits the pro-
gram if the user clicks on it. Index topic fonts’ color will change to red when the
mouse rolls over them, the following Lingo programming shows how to achieve

the interactivity:

On startmovie
global L
-- reset the last image position
set L = 24
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Figure 4.3: Home Index Window

-- make the map the only thing which acts
-- tell the stage to set the modal of window ‘‘Index Window’’ = TRUE
-- Prepare highlighting channels (Font Image) for rollover (Figure 4.3)
repeat with ch = 2 to 5
-~Set ch to channel 2 to channel 5

puppetsprite ch,true

end repeat

-- Prepare switch images to indicate where we are
repeat with ch = 7 to 10
puppetsprite ch,true

49

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



set the ink of sprite ch =7

end repeat

on activatewindow
--Parent method
global L
set the ink of sprite L =7
repeat with ch = 7 to 10
puppetsprite ch,true
set the ink of sprite ch =7
end repeat

end

on stopmovie
--Parent Method
repeat with ch = 2 to 10
puppetsprite ch,true

end repeat

end

on idle

--Child objects
global L

-- ink 39 is darkest
== ink 7 is not ghost
repeat with ch = 2 to §

if rollover(1l) then

set the ink of sprite 1 =7
set the ink of sprite 2 = 39
set the loc of sprite 2 = point(196,101)
else
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set the ink of sprite 1 = 39
point(-175,194)

set the loc of sprite 2

end if

if rollover(4) then
set the ink of sprite 4 = 7
set the ink of sprite 10 = 39
set the loc of sprite 10 = point(4,179)

else
set the ink of sprite 4 = 39
set the loc of sprite 10 = point(-187,272)

end if
end repeat

end

4.3.2 Tutoring Window

The most important animation technique, Tweening of Director, is used widely

for the tutoring window in AIMIT.

We can tween an image (a sprite) directly on the Stage by editing its path. Director
displays the path of the selected sprite directly on the Stage. We can adjust the path
by dragging keyframe indicators (See Figure 4.4).

Here are the steps to tween the path of a sprite:

1. Select a sprite on the Stage where we want the path to start. This places the
start frame of the sprite in the proper location. The start frame is also the first

keyframe of the sprite.
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Figure 4.4: Tweening the Sprite

2. If necessary, choose View > Sprite Overlay > Sprite Paths.
With “Show Paths” option turned on (See Figure 4.4), Director displays the
paths of moving sprites on the Stage. Keyframes appear as hollow circles. Small

tick marks show the sprite’s position in tweened frames.

3. Drag the red handle within the sprite to the place on the stage where we want
the sprite to move. The red handle represents the sprite’s location in the end
frame. For bitmaps, the red handle is usually in the center of the image. For
vector shapes and other media types, the handle is often in the upper-left corner.
Director displays the path the sprite will follow. The tick marks along the path

show the sprite location in each frame in between.

4. To make the sprite curve between more points, hold down the Alt key (Windows)
or Option key (Macintosh) and move the pointer on the Stage over a tick mark.

When the pointer changes color, drag the tick mark to a new location.

5. To make the property changes defined by a keyframe occur at a different time,

drag the keyframe in the Score to a new frame within the sprite.

6. To change the degree of curvature between keyframes, choose Modify > Sprites
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> Tweening and adjust the Curvature slider.

7. To make the sprite move in the same direction at the beginning and at the
end, turn on Continuous at Endpoints in the Sprite Tweening dialog box. This

creates a circular motion.

The use settings in the Sprite Tweening dialog box can be used to to create more
natural motion in tweened sprites. Ease-In makes a sprite move more slowly in the
beginning frames; Ease-Out makes the sprite slow down in the ending frames. These
setting makes the sprite move more like an object in the real world. Ease-In and
Ease-Out control how a sprite moves from its start frame to its end frame, no matter
how many keyframes are in between.

The Speed settings control how Director moves a sprite between each keyframe.
The Sharp Changes option is the default setting. Using this option, Director calcu-
lates how to move the sprite between each pair of keyframes separately. If a sprite’s
keyframes are an unequal number of frames apart from each other in the Score, or
different amounts of space apart from each other on the Stage, abrupt changes in
speed may occur as the sprite moves between keyframe locations. Smooth out these

speed changes by choosing the Smooth Changes option.

To change the acceleration or deceleration of a sprite:

1. Use one of the tweening methods to create a moving sprite.

2. Turn on View > Sprite Overlay > Show Paths to see how far the sprite moves

between each frame.
3. Select the sprite and choose Modify > Sprites > Tweening.

4. Use the Ease-In and Ease-Out sliders to specify the percentage of the sprite’s
path through which the sprite should accelerate or decelerate.

5. Choose one of the following speed settings:
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Sharp Changes Moves the sprite between keyframe locations without adjusting
the speed. Smooth Changes Adjusts the sprite’s speed gradually as it moves between
keyframes.

Creating a Keyframe

To make the sprite’s motion more complex, we need to define an additional
keyframe.

To create a new keyframe, click the frame where we want the keyframe located
and choose Insert > Keyframe.

We can view and change a sprite’s keyframes directly on the Stage. Choose View
> Sprite Overlay > Show Paths.

Move the sprite on Stage to define a new location.

When we play the movie, the sprite moves in a curve between the three keyframe
positions (Keyframel, Keyframe2, Keyframe3 on Figure 4.4).

By default, Director automatically tweens sprite positions. To tween other sprite
properties, choose Modify > Sprite.

Move keyframe?2 all the way to the left to make the sprite move in a straight line
between the keyframel and keyframe2 position.

When we play the movie, the sprite moves linearly between the keyframe positions.

We can move keyframes in the Score when a sprite is closed. This makes the
keyframe’s property changes occur in a different frame.

Use tweening to make sprites shrink or grow, fade in and out, or change color. All

types of tweening involve the same process of defining properties in keyframes.

4.4 Handling Sound in AIMIT

This section explores the procedure of using sound in developing Director movies—
AIMIT. Two broad categories of sound are used with Director: internal sounds, which
are imported into the cast and become integral with a file, and external sounds,

which are linked to a cast while remaining external to the Director movie or cast file.
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Director supports a number of sound file formats: .AIFF, .WAV, .SWA, MIDI and
QuickTime.

4.4.1 Recording Sound File by using Cool Edit Pro

When planning and developing our audio requirements, we have three fundamental
technical choices on a sound file’s format: bit depth resolution, frequency, and whether

to treat the files as internal or external.

Figure 4.5: Format of Sound File

Bit Depth Resolution: The bit-depth resolution of a sound establishes its dynamic
range, or signal-to-noise ratio measured in decibels (dB). The main reason that we
use 8-bit is its compatibility, and the fact that it can be loaded into RAM faster than
16-bit and 32-bit format.

Frequency: Although the best quality sound is undoubtedly found with 44100 Hz
(or 44.100 kHz) audio, it is difficult to use this frequency for playback in average
machines because it takes too long to load into RAM. Professional developers still
prefer 22050 Hz (or 22.050 kHz) because this has low noise level on built-in speakers,
lots of high frequency response for clarity. It also loads fairly quickly into RAM, and
is generally compatible with a wide range of computers. The average computer can
process this sound and still enable the loading of additional cast members from a
CD-ROM without too long of a wait. Hence, the most popular choice for Macintosh
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and Windows is 22.050 kHz, for it allows good quality music and narration, similar
to a strong AM radio broadcast.

Internal sounds are saved as data inside the Director movie. This makes the audio
file hidden and secure when the movie is protected. External files remain outside the
Director movie. In AIMIT, all sound files are imported into the Director movie. and
work as internal sounds.

Sound editing application software is a necessity for all developers who need to
prepare sound files for Director productions. It works as a creation tool to modify
sounds and create new effects, and as a utility to ensure clean sound in the correct
format. Cool Edit Pro is used as a sound editor for developing AIMIT.

In Cool Edit Pro, Play and Record, as well as other transport functions like Stop
and Rewind, function as they do on “real-world” tape machines (See Figure 4.6).
A Transport toolbar can be found at the bottom left of each of the main viewing
windows. Click on Play to play the portion of the waveform that is currently being
viewed, or the portion that is highlighted. With /Options/Loop Mode enabled, the
waveform or selection will playback in a continual loop.

Click on Record to start recording at the current insertion point. Any waveform
data after that will be recorded over. The button will light up bright red when
recording.

Click on Pause to temporarily pause the playback or recording of audio. The
button turns a bright yellow when audio is paused.

Click on Stop to end waveform playback or recording. When a waveform is being
played, a vertical yellow bar shows the current playing position.

We will also find buttons for Fast Forward, Rewind, Go to Beginning/End, and
Play to End and Play Looped. See Figure 4.6 for details on the Transport buttons.

4.4.2 Controlling sound in the Score Window

We control sounds in the Score in much the same way as we control sprites. We
can place sounds in one of the two sound channels at the top of the Score and extend

the sounds through as many frames as required. (Figure 4.7)
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Figure 4.7: Sound Channels in Score Window

Unless we use a behavior or other Lingo scripts to override the Score’s sound
channels, sounds play only as long as the playback head is in the frames that contain
the sound. After a sound begins playing, it plays at its own speed. Director cannot
speed up or slow down sounds. If a sound is not set to loop, it stops playing at the
end, even if the sprite specifies a longer duration.

In addition to the two sound channels in the Score, Director can use additional
sound channels simultaneously. However, the additional channels are accessible only
from Lingo, from behaviors, or by using sounds in digital videos. Available RAM and

the computer’s speed are the real constraints on the number of sounds Director can
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use effectively.

To place a sound in the Score:

1. If the sound channels are not visible, click the expander at the right side of the

Score.

2. Do either of the following: Drag a sound cast member from a Cast window to a
frame in one of the sound channels. Double-click a frame in the sound channel
and then choose a sound from the Frame Properties: Sound dialog box. We can

also preview any sound cast member in the movie from this dialog box.

3. Extend the sound through as many frames as necessary. New sounds are as-
signed the same number of frames as set for sprites in the Sprite Preferences
dialog box. We may need to adjust the number of frames to make the sound
play completely, or change a tempo setting to make the playback head wait for
the sound to finish.

Note: Sound in the last frame of a movie continues to play or loop until the
next movie begins or we exit the application. This sound can be a useful
transition while Director loads the next movie. We can stop the sound using

the puppetSound command.

4.4.3 Synchronizing Audio in AIMIT

Director offers a variety of ways to synchronize audio. The choice of techniques
depends on our content and what we’d like to achieve.

The traditional method of synchronization is to use short sounds, and trigger them
on specific frames. If we have a long narrative for a slideshow, we can then break it
up into smaller files in our audio editor. Attach each phrase to a frame where the
new slide starts. As the animation proceeds, it will trigger new sounds in turn.

If we are given a long sound file that cannot be cut, then we will usually have to
stream it, and will usually be using SWA (Shockwave format) compression. We can

embed cue points in this file to trigger movement of the score.
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Perhaps the lowest-tech method of all is to simply set a low frame rate, and make
sure that our animation and audio are synchronized on a range of low-end playback
machines. Because Director will not exceed the frame rate we set, we can be assured

that faster machines will not play back faster.

4.5 Shockwave Movie

AIMIT in Director movies can be saved as another kind of Macromedia format,
Shockwave movie. As we mentioned in Chapter 3, Shockwave movies can be posted

on Internet Web sites, and can be accessible 24 hours a day.

1) Creating a Web page to run a Shockwave movie: HTML code
A Director movie requires HTML code to play on a Web page. In Macromedia
Dreamweaver, use the Insert > Shockwave Director command to insert the
necessary code. In other HTML editors, use the code listed below.

The code for inserting a movie makes use of EMBED or OBJECT tags to
play our movie. EMBED is the original tag defined by Netscape Navigator.
OBIJECT is the Microsoft Internet Explorer tag. All Shockwave-compatible
browsers support EMBED; newer browsers support the added functionality of
OBIJECT. To ensure that a movie plays on as many compatible browsers as

possible, use both tags.
The HTML code that follows runs a movie from both Internet Explorer and

Netscape Navigator. It is intended for use with Netscape Navigator versions

2.0 or later and Internet Explorer version 3.0 or later.

For most Shockwave applications, we can enter the code as shown and simply
substitute our own values for the location and size of the movie. For more

sophisticated applications, we may have to use additional parameters.

<0OBJECT CLASSID=‘‘clsid:166B1BCA-3F9C-11CF-8075-444553540000’’
CODEBASE=' ‘http://download.macromedia.com/pub/shockwave/cabs/director/sw.c
ab\#version=7,0,0,0’’ WIDTH=‘‘512’’ HEIGHT=‘‘480’'' NAME=‘ ‘MovieName’’>

59

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



<PARAM NAME=‘ ‘SRC’’ VALUE=‘ ‘MYMOVIE.DCR’’>
<EMBED SRC=‘ ‘MYMOVIE.DCR’’ HEIGHT=480 WIDTH=512 NAME=‘‘MovieName’’>

</O0BJECT>

For WIDTH and HEIGHT, enter the Stage size of our movie in pixels. For
MYMOVIE.DCR, enter the URL of our movie. For NAME, enter a name to
identify the movie for browser scripting. NAME is optional, but required if we
want to control our movie with a browser scripting language. In the following

subsection, syntax to embed Shockwave movie is presented in detail.

2) Parameters for OBJECT and EMBED tags
This table includes the definitions and syntax for OBJECT and EMBED pa-

rameters.

e HTML Syntax for Shockwave Movie: CLASSID

Definition: The CLASSID parameter specifies the universal class identi-

fier for the Shockwave ActiveX control. Enter it exactly as shown in the

next column.

OBJECT syntax: CLASSID="clsid:166B1BCA-3F9C-11CF-8075-444553540000"
EMBED syntax: None

e HTML Syntax for Shockwave Movie: CODEBASE
Definition: The CODEBASE parameter of the OBJECT tag specifies

where the Director Shockwave ActiveX control can be obtained if the user
doesn’t already have it installed in the browser, or if the user has a previous

version installed. Enter the parameter exactly as shown in the next column.

Object Syntax: CODEBASE="http://download.macromedia.com
/pub/shockwave/cabs/director/sw.cab#version=7,0,0"

Embed Syntax: None

e HTML Syntax for Shockwave Movie: WIDTH and HEIGHT
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Definition: Use the WIDTH=width and HEIGHT=height parameters to
specify the width and height of the image in pixels. The browser crops the

image to the size we specify. Enter the exact Stage size of the movie.

Object Syntax: WIDTH="356" HEIGHT='"128"
Embed Syntax: WIDTH="356" HEIGHT="128"

3) Shockwave browser compatibility

The Shockwave player is a system-level component that plays Director movies.
Shockwave uses a plug-in to work with Netscape Navigator, and an ActiveX
control to work with Microsoft Internet Explorer for Windows 95, 98, and NT.
Shockwave also works with browsers that are compatible with the plug-in ar-

chitecture of Netscape Navigator 3.0 or later, including America Online.

e HTML Syntax for Shockwave Movie: NAME
Definition: The NAME parameter can be used by the browser or objects

in the document to find and communicate with the movie. The NAME
parameter also provides a way for browsers that support FORMs to deter-
mine whether an object within a FORM block should participate in the

"submit” process.

Object Syntax: NAME="MovieName"
Embed Syntax: NAME='"MovieName"

e HTML Syntax for Shockwave Movie: SRC
Definition: Use the SRC parameter to specify the URL of the movie. The

file’s extension should be .dcr. The file name is the name of our movie.

The path is the path to the movie.

Object Syntax: <PARAM NAME="SRC" VALUE="movie url">
Embed Syntax: SRC="movie url"

If Shockwave has not been installed, Internet Explorer for Windows 95, 98,
and NT prompts the user for permission to download Shockwave. If the user

approves, it downloads and installs Shockwave from the Macromedia Web site.
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| Browser Version
Netscape Navigator for Windows or Macintosh | 3.0 or later
Microsoft Internet Explorer for Windows 3.0 or later
Microsoft Internet Explorer for Macintosh 4.01 or later
America Online for Macintosh 4.0 or later
America Online for Windows 3.0 or later

Table 4.1: Browsers for Shockwave Movie

4.6 Java Sample Codes

Two basic programming concepts, Array and Loop are covered in AIMIT. To make
examples used in AIMIT easy to understand to the students, samples encountered
in real world are used to illustrate the programming concepts. For the concept of
“Array”, two examples, “Temperature” and “Blue Jay Stadium” are used; for the
concept of “Loop”, other examples, such as “Weight of Persons”, “Gas Station” and

“Playing Cards” are used.

4.6.1 Temperature

The following Java sample program is used to show the students the concept of
“Array.” As an example of an array, we construct an array called “dayhigh™ which
will store the daily high temperature for each day in a week. At the end of the week, a
function called get WeekHigh returns the highest recorded temperature for the week.

Sample code of the “Temperature” is as following:

Class Temperature {
int index = O;
int dayhigh [ ] = new int [7];
public void setDailyHigh( int temp ) {
dayhigh [index++] = temp;
}
public int getWeekHigh( ) {
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int max = 0;
for ( int i = 0; i < dayhigh.length; i ++ )
max = max > dayhigh[ i ] ? dayhigh[ i ] : max;

return max

4.6.2 Two-Dimensional Array

The following is an example of an array of arrays. The method makeArray allo-
cates and returns a triangular array of integer arrays. The number of integers in each
component array corresponds to that array’s position within the composite array.
Furthermore, each component has been initialized with a sequential value, starting

with 1. Sample code of the “makeArray” program is as following:

Class Array {

int [ ] [ ] makeArray ( int size ) {
int [ ] [ ] triArray = new int [size] [ ] ;
int val=1;
for ( int i = 0; i < triArray.length; i++ ) {
triArray[ i ] = new int [ i+1 ];
for ( int j=0; j < triArrayl[ i ].length; j++) {
triArray[ i 1[ j ] = val++;

}

return triArray;
public static void main (Stringl ] arg) {

makeArray (size); // calling the above makeArray method
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4.6.3 For-While Loop

e Java offers serveral different ways to repeat a block of code. One way is the
for loop, which enables us to execute a set of instructions a specified number
of times. In this example, we will add five people’s weight together. The
instructions will be executed five times, once for each person. The following is

the sample code of “For Loop” program:

int sum = 0;
for ( int index = 0; index < 5 ; index++)

{

sum = sum + WeightOfPerson [ index ];

e The while statement is one of the looping constructs in Java. It allows us to
continue to execute a block of code while a condition is true. For example, if
our program is controlling a gas pump, we want to continue to add gas to a car

while the tank is not full. Sample code of the "While Loop” is as following:

class pump {
public void £fillTank( Car c) {
while ( ‘'c.tankFull ) {

addgas ( c );
updateAmount ( );
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e Insertion Sort

We examine an example of Insertion Sort by using for/while loop and array.
The purpose here is to demonstrate complication of loop control. The method
sortArray sorts a sample array of integers, and shuffies the position of the inte-
gers in the array. Finally, we will have a new array in ascending order. Sample

code of the "Insertion Sort” is as following:

static void sortArray (int [ ] array) {
for ( int i = 1; i < array.length; i ++) {

int j= i ;

int tmp = array [ j 1 ;

while ( ( j > 0) && ( array [ j -1] > tmp) ) {
array [ j ] = array [ j -1] ;
i

}

array [ j 1 = tmp ;
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4.7 Final testing of AIMIT

When our AIMIT production is complete, we still have decisions to make and
work to do to deliver it to the students who will use it for Java programming. The
specifications of their machines, and the delivery platform we decide to target, help
to determine how we author our project, whether we are creating a Shockwave piece
or a full CD-ROM title.

From a technical standpoint, delivering a Director project such as AIMIT takes
practice and attention to many details. Some of the most important tips for testing

and delivering AIMIT will be discussed in the following paragraphs.

4.7.1 Testing the Director project-AIMIT

John Dowdell is a senior technical support engineer at Macromedia and has taken
many Director authors through troubleshooting issues related to delivering a project.
When we developed AIMIT, we followed his famous quote, “Test early; test often;
test on all of our target machines” [31].

Test early-From the beginning of our development, all media elements imported
into AIMIT were tested to see whether they would work well within Director or not.
If any element did not perform or appear to our satisfaction within Director, we took
back the sound editing, or graphics editing tools it came from for further editing.

On a large project like AIMIT, creating small test movies or modules is neces-
sary. It is easier to work with small files. They take less time to save; they make
troubleshooting easier; and they also perform better on lower-end machines. AIMIT
is divided into a series of small files, and navigation among them is implemented by
using Lingo. The best reason for creating small files is that we can save the files for
later use. If we would like to use the same functionality in our later project, we can
reuse the code.

Test often-Testing often is an important step throughout the development of
AIMIT. That is, we did not wait until the last minute to test our production, but
consistently tested our work. Testing along the way is also most important for cross-

platform development. Since AIMIT is developed for Windows, Macintosh and the
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Internet, we need to test our project on all of the platforms each step of the way.
Testing on All the Target Machines-Testing AIMIT on all the target machines is
very important. Since we are authoring for CS170 students, we define the minimum
requirements for our project based on the system of machines use in the Computer
Science Department laboratories. We also tested our project on as many different
configurations as our students will have. In addition, we tested it on low-end and high-
end machines. The playback system requirements for AIMIT for Microsoft Windows

are as follows:
e 386/33 or faster
e Windows 95, Windows 3.1, 3.11, NT 3.51, or higher

e 4 MB RAM on Windows 3.1, 8 MB or more required on Windows 95 and
Windows NT.

The playback system requirements for AIMIT for Macintosh are as follows:
e 680 processors or faster
e System 7.0 or higher

e 4 MB RAM (8 MB or more recommended)

4.7.2 Creating the Projector of AIMIT

Like any software application, staging the delivery of AIMIT onto the end users’
machines takes planning and testing to ensure that the users experience what we
intended. Creating a Director projector is not difficult. What takes more thought
is how we should structure AIMIT and how the projector works with the series of
Director movies in AIMIT that we have created.

Structuring Movies and Resources. When we create a Director projector for
AIMIT, the Create Projector and Projector Options dialog boxes are presented with
several options (See Figure 4.8). One or many movies can be added in the Create

Projector dialog box.

67

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 4.8: Projector Options Box

Deciding which movies to add to a projector is a crucial part of finalizing our
project. Since AIMIT is a large-scale, interactive project, we add only one file to the
project and store the remaining movies externally to the projector. This one file is
the “Index Window” of AIMIT, and it launches the first movie in AIMIT with the
go command. We then can call seamlessly between our first and subsequent Director
movies with Lingo programming.

Protecting movies was the last thing we did before we distributed AIMIT. To
protect our project, we select the Update Movies command from the Xtras menu. We
compressed the disk size of AIMIT by two thirds when protecting it. Shockwave’s
.DCR file format was used when we distributed AIMIT on the Internet, and .DXR
file format is used when we distributed AIMIT on CD-ROM by using the Protected
Movies command in Director. Protected movies load more quickly from the CD-ROM
than Shockwave movies do because Protected movies do not need to be decompressed

upon playback.
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Chapter 5

The Evaluation of the Experiment with
AIMIT

For a computer-based instructional tool, effectiveness is a major concern. This
chapter will describe the evaluation of the multimedia instructional tool, AIMIT.
Section 5.1 introduces the general methodology used for the evaluation. In Section
5.2, the evaluation methods used for AIMIT are discussed. The general criteria
and expert review criteria applied for formative evaluation are presented in detail in
Section 5.3. In Section 5.4, we discuss the methods used for summative evaluation,

and examine the results from the experiments.

5.1 Evaluation Methodology

Evaluation of teaching/learning software consists of two types: formative and
summative. Formative methods of evaluation are used when a project’s outline has
been decided and work has begun on the design and development of the various parts.
It can be deliberate and can consist of a series of criteria to determine whether the
project works as planned. Hayden and Speedy[32] found that, although formative
evaluation was a project requirement, many developers either only paid lip service
or simply ran out of time before they could implement it. These authors suggest
that the developers did not understand the main purpose of such evaluation and so

considered it an “add-on.” Alexander and Hedberg, in noting the level of academic
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effort which goes into developing educational software, state,

“Given the high expectations of technology to provide more cost-effective learning
and to improve the quality of the learning, together with the need to gain recogni-
tion for academics undertaking such development projects, the time has come for
a re-examination of the role of valuation in the development and implementation
cycles”[33].

Yet Moses and Johnson, found that “some projects were funded despite the pro-
ponent’s lack of expertise in evaluation and of knowledge about learning theories and
practices”[34]. Thus, although formative evaluation should occur during the process
of developing an instructional program, whether it consists entirely of software or
also has other components, it appears that many multimedia instructional projects
reach completion without the benefit of data that has the potential to inform and
improve them. Northrup, writing about formative evaluation for multimedia, states
that it is “an ongoing process conducted along every step of program development”[35]
and finds that, if a first draft or version of a product is created before a formative
evaluation is conducted, then major modifications will not occur even when they
appear to be required. Too much money, effort and time will have gone into the
product to allow a major rework to take place. To help prevent this unfortunate
situation, she offers guidelines for the development team which include the need for
all the people to be involved, and support for, and enforcement of, formative evalua-
tion at all stages. She also discusses how data can be collected and used. However,
Biraimah([36], Barker and King[37], Reiser and Kegelmann[38] and Henderson[39] all
agree that users should help carry out the formative evaluation in a number of ways,
even if their main function is seeing whether the program will actually load or not.
Indeed, Reiser and Kegelmann[38] note that user evaluation of software is necessar-
ily subjective and should be supplemented by that of subject matter experts, media
specialists and administrators.

In comparison, summative evaluations can be much wider in scope. They occur
when the finished product is examined and can benefit from hindsight. Thorpe, an
open learning specialist, defines summative evaluation as “the collection, analysis and

interpretation of information about any aspect of a program education and training,
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as part of a recognized process of judging its effectiveness, its efficiency and any other
outcomes it may have ”[40]. She notes that a number of characteristics belong with
this definition, such as inclusiveness, the search for both intended and unintended
effects, and the capability of the activity to be made public. She emphasizes that

evaluation is not synonymous with assessment.

5.2 Evaluation Methods for AIMIT

The purpose of the evaluation process was to establish whether the identified
learning problem was overcome as a result of using the multimedia instructional tool.
Questions such as, “Do they like it?” or “Do they find it useful?” while important,
are inadequate. The more fundamental evaluative questions should be “What is
being learned by users”?, “How will they demonstrate this learning?” and “Does the
multimedia instructional tool support users in achieving the learning objectives that
we want them to achieve?”

According to Beattie[41], a good evaluation needs to establish whether a learning
problem is being overcome, and needs to attempt to investigate deeply the specific
learning experiences users are having as a result of the teaching intervention. In
other words, in the context of this thesis, it is important to discover whether or
not the multimedia instructional tool had helped to solve the learning problem that
we are concerned with, that is, difficulty in visualizing the dynamic process of Java
programming in our introductory-level students. The evaluation of AIMIT will be
based on the methodology discussed in the first section.

The methods we used for formative evaluation are general criteria and expert
review criteria.

The methods we used for summative evaluation are control/experimental group
test, pre- and post- test and user evaluation.

General criteria recommended by Azarmsa[42] were applied for the formative eval-
uation. These general criteria are described in detail in Section 5.3.1, and were fol-
lowed by AIMIT developers through the design and development phase prior to the

users’ evaluation. The general criteria can help the developers to ensure that each of
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the objectives we have defined for the multimedia product is accompanied by more
reliable and valid measures. All too often, development teams wait until a product is
almost complete before “making up a test” intended to measure its outcome. That is
generally too late. By using these criteria in the design stage, there is a much greater
chance of designing an effective and attractive multimedia instructional program.

After the general criteria were applied, anything that was perceived as inappro-
priate, unclear, or incorrect, was eliminated and changed as considered necessary by
the developers. This resulted in a revised version of the multimedia instructional
program ready for expert review.

The reason that expert review must be involved in both of the methods is that,
expert review is one of the primary evaluation strategies used in formative evaluation
(How can this multimedia program be improved?) It is often a good idea to provide
experts with some sort of instrument or guide to insure that they critique all of the
important aspects of the multimedia program that you want reviewed. You would
employ different sorts of Expert Review Checklists with different types of experts
such as a content expert or a human computer interface expert[43].

Expert review criteria for this thesis are described in detail in Section 5.3.2. Two
Computer Science professors, Dr. Symes and Dr. Yao, who have years of experience
in teaching programming classes, used them for formative evaluation on AIMIT.

Expert review criteria was designed for this thesis, based on the “Expert Re-
view Checklist” recommended by the Multimedia in Manufacturing Education Lab
at the Georgia Institute of Technology. The “Expert Review Checklist” is a tool that
will help to ensure that the experts reviewing the multimedia program focus on the
variables of most interest to the multimedia program development.

The control/experimental group test was recommended by Dr. Maguire, who
has years of experience in multimedia teaching, and the test was once applied by
Kumar Anadan[54]. The control/experimental group test method has been adopted
by lots of CAI system developments. There were sixty students taking the Computer
Science Java Programming class in the fall semester of 2000, at the University of
Regina. Sixteen of them voluntarily participated in the experiment outside their

normal class time. They were randomly assigned into two groups: a control group
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and an experimental group for both experiments. The control group students were
requested to do the test without using AIMIT, while the experimental group students
did the test with AIMIT. Details of this test are discussed in Section 5.4.1.

The pre- and post-tests were conducted to measure what the students had learned,
and thus to measure the teaching effectiveness of AIMIT. The tests were used to
determine whether AIMIT could help the students to comprehend Java programming
concepts. The same tests were given to two students in the control group. Two
students from the control group found some of the test questions hard to answer were
willing to take the pre- and post-tests. These two students took the control group
test first. Then they went through the multimedia instructional tool (AIMIT), and
after this they then answered the same test kit again.

The purpose of the pre- and post-tests was to ascertain the impact of AIMIT
on students’ learning, in particular, their understanding of the dynamic change in
Java programming. The research design involved mainly a comparison of multimedia
instruction versus no multimedia instruction, and a measure of the difference. Though
it might seem limited, it was considered useful to focus on the value of AIMIT for
teaching Java programming concepts.

For user evaluation, a questionnaire is administered to a group of users who are
given the multimedia program to work through on their own. Questionnaires are
undoubtedly the single most frequently used type of evaluation instrument. Poorly
designed questionnaires are often administered at the close of a course or training
session as a “smile meter” or “happiness indicator.” “If the only thing you find
out about your interactive multimedia program with a questionnaire is whether the
users liked it, you are not making good use of this strategy.” As shown in the
“Questionnaire”, a well-designed questionnaire can provide a wealth of information.

The evaluation questionnaire is designed very carefully so that we can get the
information we need without requiring the users completing it to spend too much
of their time. In the questionnaire, questions were directed towards the users’ sat-
isfaction and their perceived usefulness of the AIMIT in helping them to learn Java

programming concepts presented. Details are presented in Section 5.4.3.
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5.3 General Criteria and Expert Review Criteria

Users are no longer satisfied merely because a program will load and run without
error. Technical excellence is widespread today, and anything less must be rejected
as unacceptable. It is our responsibility to demand excellence in the project we build
for our users. In this section, the general criteria and expert review criteria used for
formative evaluation are presented in detail.

As you might expect, there are many different ideas about how to categorize gen-
eral criteria. Church and Bender[53] suggest that the following be evaluated: (1)
instructional content, (2) utilization of computer capabilities, (3) goals and objec-
tives, (4) software presentation variables (pacing, ability levels, and the like), (5)
production information, and (6) documentation. We prefer to base evaluation on
seven similar criteria recommended by Reza Azarmsa, that attention should be given
to (1) instructional objectives, (2) accuracy and fairness of content, (3) Approach
to content, (4) Instructions for operating software, (5) screen formatting, (6) user

response and (7) technical quality.

5.3.1 General Criteria

Instructional Objectives

A good multimedia instructional program will include clearly defined instructional
objectives, and suggested activities for using the package to achieve them. The objec-

tives should be part of the written documentation, usually in the teacher’s manual.

Does the program documentation have defined objectives and goals that clearly

state expected learning?

Are the objectives clear to the user and perceived as relevant to instructional

goals?

Are the objectives important to the Java programming teaching?

e Does the program focus on a very specific and limited topic or objective?
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e Is the program appropriately divided into smaller segments?

e Do the objectives make it clear whether the program is designed for tutoring,

demonstration, testing and placement, or for some other purpose?

e Does the program achieve its stated objectives?

Accuracy and Fairness of Content

It is still necessary to review carefully the factual content of each program for

accuracy. Also the instructional content of the program should be checked for rele-

vance to Java programming teaching, and to determine whether it is appropriate at

the grade level(s) for which it is being considered.

Does the content fit well into CS170- Java programming teaching?

Does the program have instructional values and/or other valid objectives for

the users who will be using it?
Is all information factually correct?
Is all information current and free of slang phrases or poorly selected examples?

Are the graphs, charts, and other visual aids included in the program well

designed and technically accurate?
Is the content appropriate to the interests and the abilities of users ?
Is the presentation logical and well organized?

Is the content free of negative comments regarding ethnic background?

Approach to Content

Creative programs present the usual material in unusual ways and often involve

the user in experiences not otherwise available. Many concepts can be explored

in more exciting ways than having users respond with “right” or “wrong” answers.

75

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Whenever possible the programs should be open ended, allowing the user to control

the instructional content and to select the method of presentation. Such creative

use of the computer is one of the most important factors to consider in evaluating

courseware.

Does the program present information in a way not easily duplicated with text-

books, workbooks, or other traditional classroom materials?

Does the interaction between the user and the program significantly involve the

user in the learning process?

Instructions for Operating Software

Good instructions make a program easy to use and therefore attractive to the

user.

Are the instructions clear, complete, concise, and well formatted on the screen?
Does the user have the option of bypassing the instructions?

Are there instructions for ending the program (e.g. Exit) if the user wants to

stop?

In the event that the program “crashes,” or ends unexpectedly, are there iu-

structions for continuing rather than forcing the user to return to the beginning?

Are there instructions to inform the user how to control the speed and sequence

of paging?

Is the reading level of the instructions appropriate to the intended users?

Screen Formatting

Users should be able to control the screen by advancing or returning to any desired
page at will. Special attention must be paid to avoid the frustration of having a page

advance before the user has finished reading it, and to avoid the frustration of waiting

for a program to continue.
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e Is each separate screen neat and uncluttered?

o Is the amount of information displayed at one time appropriate rather than

confusing?
e Is there a limited number of choices at one time?

e Can the user access specific screens, advancing or returning to earlier material

as desired?
e Does the user control the timing of screen advancement?
e Are spelling, punctuation, and grammar correct in each screen display?
e Are maps, graphs, and other illustrations clear and simple to interpret?
o Are all graphics displayed effectively?

o Is colour used effectively on systems that offer this option?

Users Response

Well designed courseware is “user friendly,” making it easy for the user to work

through the program without being inhibited by the mechanics of computer operation.
e Are data entry routines consistent and easy for the user to use?
e Does the program use common conventions and symbols for data entry?
e Is there an indicator to show where the responses are to go?

e Is the user given an opportunity to correct errors?

Technical Quality

The wide range of technical qualities available today represents one of the most
innovative and creative aspects of using the computer for instruction. Yet it is essen-
tial that we make the realistic assessment of these technical qualities an important

part of our evaluation.
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GRAPHICS should use illustrations as valuable additions to the program, help-
ing to achieve the objectives by demonstrating, explaining, or otherwise clarifying the

material.

e Are the graphics appropriate for intended users?
o Are the graphics embedded in content?

e Do the graphics add interest?

e Are the graphics clear?

e Do the graphics enhance program quality?

COLOUR can be a powerful motivational tool and can also be used to explain
and clarify information. Colour cannot be counted automatically as a plus in a

program, and should be critically evaluated for its effect on the total presentation.
e Is colour used effectively?
e Is colour a motivating factor in this program?
e Does colour make the text difficult to read?
e s the program more interesting to use because of colour?
SOUND can be either essential or supplemental in a program.
e Can the sound be turned off completely by the user if necessary?
e Is the sound used effectively?
e Is the sound used for instruction?
e Is the sound used only for reward?

USER CONTROL can be effective when properly used. Otherwise it can lead

to user frustration by presenting material too quickly or, for the able user, far too

slowly.
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o Are there opportunities for the user to choose among content topics?
e Can the user review instruction?
e Can the user exit the program at any time?

e Can the user alter the rate of presentation (e.g. text rolling)?

5.3.2 Expert Review Criteria

Expert review is one of the primary evaluation strategies used in formative eval-
uation (e.g. how can this multimedia program be improved?). It is often a good
idea to provide experts with some sort of guide to ensure that they critique all of the

important aspects of the multimedia program that you want reviewed.

EXPERT REVIEW CRITERIA

The “Expert Review Criteria” is a tool that will help assure that the experts

reviewing AIMIT focus on the variables of most interest to us.

SECTION 1 - INSTRUCTIONAL DESIGN REVIEW

e Does AIMIT provide learners with a clear knowledge of the program objectives?

¢ Are the instructional interactions in AIMIT appropriate for the objectives?

Is the instructional design of AIMIT based on sound learning theory and prin-

ciples?

Is the feedback in AIMIT clear?

¢ Is the pace of AIMIT appropriate?

Is the difficulty level of AIMIT appropriate?
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SECTION 2 - COSMETIC DESIGN REVIEW

e Does the screen design of AIMIT follow sound principles?
e Is colour appropriately used in AIMIT?

e Are the screen displays easy to understand?

SECTION 3 - PROGRAM FUNCTIONALITY REVIEW
e Does AIMIT operate flawlessly?

Following the above criteria, the expert review was conducted via e-mail and per-
sonal interview with Dr. Symes and Dr. Yao from the Computer Science Department.
Dr. Symes went through AIMIT carefully and noted his comments, as well as asking
some questions relating to each section of AIMIT. Based on his years of teaching
programming classes in Computer Science, he suggested what kind of examples in
real life we should use for interpreting the programming concepts. Dr.Yao also gave
an excellent suggestion on that “Insertion Sort” algorithm sample. He suggested to
use Poker cards to show the student the dynamic process of Insertion Sort. The
evaluation afterwards by the students who used AIMIT proved that, their comments

and suggestions are insightful and invaluable to this research work.

5.4 Summative Evaluation

5.4.1 Control/Experimental Group Test

Introduction

As we mentioned earlier in Section 5.2, sixteen of class CS170 voluntarily partici-
pated in the experiment outside their normal class time. Each student signed a letter
of consent before the experiment. Appendix A of this thesis shows a photocopy of

the letter of consent, a copy of questionnaire (Part I), a copy of evaluation form (Part
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IT), and also a photocopy of the University of Regina ethics committee approval for
conducting this experiment.

The questionnaire (Part I) used in the AIMIT Control/Experimental Group Test
contains multiple choice questions and written questions involving the writing of
programs. The questionnaire was designed to have two parts. Part I (A) consists
of questions involving “For/While Loops” (first experiment); Part I (B) consists of
questions involving “Arrays” (second experiment). Part II concerns the evaluation of
AIMIT. For Part I, the students were required to answer five questions in the Java
programming language for both experiments. Students in the Experimental Group,

who used AIMIT were requested to answer Part II of the questionnaire.

Procedure

Sixteen students were randomly assigned into two groups: a control group and an
experimental group for both experiments. One group (Group I), with eight students,
was requested to answer the questionnaire, Part I, without using AIMIT, but rather
using their textbook and notes. Another group (Group II), with eight students, was
requested to answer the same questionnaire, but answer Part I plus Part II using
AIMIT. The first experiment on Part I (A) “For/While Loops” was organized as
shown in Table 5.1:

Phase || Group I Group II
Solving 5 questions of Part [ (A) | Solving 5 questions of Part I (A) of
I of the questionnaire without the questionaire using AIMIT
using AIMIT
II - Completing Part II of the questionnair

Table 5.1: Organization of First Experiment
For the second experiment on Part I (B) “Arrays”, one group (the control group)

with eight students, was assigned to answer the questionnaire without using AIMIT,
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while another group (the experimental group), with eight students, was assigned to
answer the questionnaire using AIMIT. Table 5.2 illustrates how the second experi-
ment was organized.

In Phase I (Table 5.1, 5.2) of both experiments, the students were requested to
answer all the questions of Part I of the questionnaire (shown in Appendix A). In
Phase II, only students using AIMIT were requested to answer Part II of the ques-
tionnaire. The students decided which group they would like to join before the start
of the experiment. The time limit was a maximum of half an hour for writing the test.

Phase || Group [ Group II
Solving 5 questions of Part I (B) | Solving 5 questions of Part I (B) of
I of the questionnaire without the questionaire using AIMIT
using AIMIT
II - Completing Part II of the questionnair

Table 5.2: Organization of Second Experiment

First Experiment (“For/While Loop”) Results

All students finished the Part I (A) (Loops) of the questionnaire within 30 minutes.
Part I (A) was designed to have two multiple choice questions on the “For Loop,” one
multiple choice question on the “Do-While Loop,” one short answer question on the
“While Loop” and one question involving writing a Java program using a “Do-While
Loop.”

The results of all the five questions of Control Group involving eight students
without using AIMIT are shown in Table 5.3.
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Question || S1 | S2 [ S3 | S4 | S5 | S6 | ST | S8 | Average | Percentage
Q1 0 5 5 5 5 5 5 5 4.375 | 87.5
Q2 5 0 5 5 5 5 53 5 4375 | 87.5
Q3 5| 3|5 ] 4 1 {5]5}|5 4.125 | 82.5
Q4 51550 5 | 5515 4.375 | 87.5
Q5 5| 0|50 5 |5151]0 3.125 | 62.5
Overall 4 126| 5 (28|42|{5 |5 | 4 4.075 | 81.5

Table 5.3: Results of the Control Group on the “For/While Loop”

e Average = Sum/8;
e Overall Average = Sum/5;

e Average Percentage = (Average /5) * 100.

“S1, S2, ..., S8” refers to the students and “Q1, Q2, Q3, Q4, Q5" refers to the
questions in Part I (A) of the questionnaire (Appendix A). Each of the five questions
has 5 marks, and the total mark is 25. The column “Average” refers to the average
mark obtained for each question among 8 students without using AIMIT, and its
equivalent value in percentage is shown in the “Percentage” column.

The results of Part I (A) of the questionnaire with the experimental group (Group
II) involving eight students using AIMIT are shown in Table 5.4.

Question || S1 [ S2 | S3 | S4 | S5 | S6 | S7 | S8 | Average | Percentage
Q1 5555|5555 5 100
Q2 5155|565 |5|5|5]|5 5 100
Q3 515|5|5]|5]|5]5]5 5 100
Q4 5155555515 5 100
Q5 515]5]5]5]515]5 5 100
Overall 5(15]|5}|5]|5|5(5]|5 5 100

Table 5.4: Results of the Experimental Group on the “For/While Loop”

83

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



First Experiment (“For/While Loops”): Part I (A) Result Summary

From Tables 5.3 and 5.4, it is clear that students in control group had considerable
difficulty with the programming concepts. The comparative results from Table 5.4
indicate that the overall percentage of the experimental group (Group II) is much
higher than the control group (Group I), which tells us that students using AIMIT
were able to perform better than students not using AIMIT.

Second Experiment (“Array”) Results

All students finished Part I (B) (“Array”) of the questionnaire within 30 minutes.
Part I (B) was designed to have two multiple choice questions on the “Array Index”,
one multiple choice question on the “two dimensional array”, one short answer ques-
tion on “multiple dimensional arrays,” and one question involving the writing of a

Java program on using a “multiple dimensional array.”

Part I (B) (Questionnaire)

The results of all five questions of the control group (Group I) involving eight
students without using AIMIT are shown in Table 5.5.

Question || S1 | S2 [ S3 | S4 [ S5 | S6 | S7 | S8 | Average | Percentage
QL 5 3|55 |5]3 15 |5 15 |90
Q2 0 5105 ]5]| 5 510 3.125 | 62.5
Q3 0 51 5]10]5]| 5 5 |5 3.75 75
Q4 5 5151310 1 5 |5 3.625 | 72.5
Q5 3 3 {5001 3 2 15 2.625 | 52.5
Overall ||2.6 42| 4 |26 3 |3.4]|44]| 4 3.525 | 70.5

Table 5.5: Results of the Control Group on the “Array”

“S1, S2, ..., S8” refers to the students and “Q1, Q2, Q3, Q4, Q5”7 refers to the
questions in Part I (A) of the questionnaire (Appendix A). Each of the five questions

has 5 marks, and the total mark is 25. The column “Average” refers to the average
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mark obtained for each question among eight students without using AIMIT, and its
equivalent value in percentage is shown in the “Percentage” column.

The results of Part I (B) of the questionnaire with the experimental group (Group
IT) involving eight students using AIMIT are shown in Table 5.6

Question || S1 | S2 | S3 | S4 | S5 | S6 | ST | S8 | Average | Percentage
Q1 51 5|5 5|5] 5 5|5 5 100
Q2 0| 5|5 5|5 5 515 4.375 | 87.5
Q3 5 5 5 5 5 5 5 5 5 100
Q4 5(5|5|5}|5] 5 5|5 5 100
Q5 5 4 5145 5 |45]|45]| 5 4.6785 | 93.75
Overall 5 48| 5149 5 49149 | 5 | 4.8125 | 96.25

”

Table 5.6: Results of the Experimental Group on “Array

Second Experiment (“Array”): Part I (B) Result Summary

From the above Tables 5.5, 5.6, it is clear that students in Control Group had
considerable difficulty with the programming concepts. The comparative results from
Table 5.6 indicate that the overall percentage for the experimental group (Group II)
is much higher than the control group (Group I), which tells us that students using
AIMIT were able to perform better than students not using AIMIT.

Pre- and post-tests results

Section 5.2 has already presented an introduction to pre- and post-tests method.
The results (see Figure 5.1) from the pre- and post-tests were particularly pleasing.

The difference between the pre- and post-test results shows that students who worked

through AIMIT improved their test results rather significantly.

5.4.2 Evaluation Questionnaire

Evaluating multimedia instructional tool is a time-consuming but extremely im-

portant task if we are going to secure the best quality for our users. Software must
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[Student Test | Partl(A)“Fo'While Loops® Pat 1(B) "Amays® Total
Ql Q2 |3 o4 Q5 Jar JQz [Q3 Q4 Q5 _

E Pre. |5 [5 14 |0 [0 |3 5 |0 3 0 27

EX Post |5 |5 [5 |5 15 |5 15 |5 5 5 50

| Difference 0 |0 [+ [+ [+ |0 |0 |+ [+2 |+ |+23

S5 P |5 |5 |1 |35 |5 |53 5|3 0 0 36

S5 Post |5 |5 |1 |5 |35 |5 5 15 5 5 46

| Difference oo o o (o Jo 0|0 +5 | +5 | +i0

Figure 5.1: Results of Pre- and Post- Tests

be evaluated to ensure quality and compatibility.

The experimental group students who used AIMIT before they wrote the test were
requested to give their opinion in Part 1, after they finished Part I of the experiment.
They were asked the following questions and opinions the multimedia tool kit:

1. The multimedia tool kit is easy to use.

2. The multimedia tool kit provides effective and useful messages in the process
of teaching programming concepts.

3. The multimedia tool kit helps in understanding the concepts.

4. The multimedia tool kit helps in learning the concepts quickly.

5. I will recommend this tool kit to other students.

6. I recommend the development of such a tool kit (Multimedia tool kit) in the
future. '

7. Do you think it will be helpful to have a system like this running on the
Computer Science Department’s Web site to allow you access at any time, 24 hours
a day?

8. Comments or suggestions for improvement of this multimedia tool kit.

9. What do you like about this multimedia tool kit?

10. What do you not like about this multimedia tool kit? What are your sugges-
tions for improving it?

11. If you have used another kind of multimedia system/tool, are there any
comparisons you would like to make?

Students provide their answers for questions 1 to 7 by circling a number from 1

to 5 in the following order:
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e l=strongly disagree
e 2=disagree

e 3=no opinion

e 4=agree

5=strongly agree

The questionnaire was designed in this manner following the recommendations of
The Multimedia in Manufacturing Education Lab at the Georgia Institute of Tech-

nology. The students’ response to the first seven questions is summarized in Table

5.7.

Part II Evaluation Questionnaire Result Summary

Question || S1 S2 |S3| S4 S5 S6 S7 | S8 | Average | Percentage

Q1 4 5 5 4 5 4 4 5 4.5 90
Q2 4 5 51 4 4 4 5 4 4.375 87.5
Q3 5 4 5 4 3 5 5 5 4.75 95
Q4 4 4 5 3 4 5 4 3 4.25 85
Q5 4 3 5 4 5 4 5 5 4.375 87.5
Q6 5 5 5 5 5 5 5 5 5 100
Q7 5 5 5 5 4 5 5 4 4.75 95

overall 443 1443 | 5 | 4.143 | 4.571 | 4.571 | 4.71 | 4.71 4.571 91

Table 5.7: Experimental Group Evaluation Questionnaire Results

All students in the experimental group expressed positive (agree or strongly agree)
comments with two exceptions (See Table 5.7). The two exceptions were a “no opin-
ion” for questions 4 and 5 (Q4, Q5).

Students answered questions 8 to 11 in the following manner. Suggestions for
question eight indicate that, a “Replay” button needs to be placed, not only on some
long-time running slides, but also on each slide. When asked about what they liked
about AIMIT (question nine), six of the eight students mentioned that they liked the
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visual effects and animation which made it easy to use and easy to understand. One
student indicated that she liked the “Insertion Sort” example using cards and other
visuals, since they made learning much easier. While responding to question ten,
two students mentioned that more Java programming concepts should be covered.
At present, we only have two basic concepts, “Loops” and “Arrays”. Seven of the
eight students gave no comments regarding question eleven. This indicates that a
multimedia instructional tool, such as AIMIT, is not popular on the campus for
novice programming class teaching. Only one student mentioned that she had used
one multimedia instructional program for Physics 30, but said that AIMIT has more

animation and short slides, which made it easier to use and easy to understand.

Experimental Result Summary

Based on the above results from two experiments we are able to find that:

1. Students using AIMIT were able to perform better than the students not using
AIMIT.

2. AIMIT provides assistance for teaching Java programming concepts to students.

3. Students have indicated that AIMIT is easy to use and also indicates that it

provides effective and useful messages.
4. Students like the visual effects and graphics section of the animation in AIMIT.

5. All students are in favour of the development of such a multimedia tool kit in

the future.

6. Finally, most of the students are in favour of having such a multimedia tool

available 24 hours a day on the Internet.

The users concerns regarding the improvement to AIMIT will be discussed in

detail in Section 6.2.
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Chapter 6

Conclusions and Future Work

6.1 Conclusions

In the previous five chapters, a basic introduction to multimedia enhanced in-
struction tools was presented. The historical review of computer-assisted instruction
(CAI) was conducted. The importance of interactivity and multimedia for introduc-
tory computer science programming courses was presented. AIMIT (An Interactive,
Multimedia Instructional Tool) was developed based on the concept of using interac-
tivity in multimedia technology. With the constantly increasing popularity for using
the WWW (World Wide Web), there is a wide scope for delivery of programming
courses over the WWW. AIMIT, which can be embedded on Internet, is an example
of an application for teaching programming concepts on the WWW.

Two experiments among the CS170 students were performed at the University of
Regina. These experiments were performed to assess the value of AIMIT in aiding
students’ ability to learn basic Computer Science programming concepts. Experi-
mental results indicate that introductory-level students using AIMIT were able to
perform better than the students not using it, validating the design of AIMIT and

this approach in general as an aid in teaching basic programming concepts.
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6.2 Contributions

At the present time, AIMIT assists users in learning “Array” and “Loop” concepts
in Java programming language. Two experiments and students’ evaluation on AIMIT

give us clear and positive messages:

e AIMIT allows students to learn programming concepts interactively in a non-
linear way, and multimedia techniques used in AIMIT clearly illustrate the

dynamic process in programming.

e Using Macromedia Director as the development tool is not only cost effective,
but also allows students to access AIMIT through the Internet 24 hours a day.

e AIMIT can be run on different operating systems, can be burned on CD-ROM,

and required little learning to use it.

e By using Lingo in Director, AIMIT is designed in a modular style that allows

for future extension.

6.3 Future Work

Several extensions can be made to AIMIT. One desirable extension is to make
AIMIT support other programming languages, such as C and C++. As to the stu-
dents’ negative comments in Chapter 5, I find the primary concern is covering more
programming concepts in AIMIT. This problem can be improved by setting up a
multimedia project team to have more people working on it. Another direction for
AIMIT would be providing multimedia-supported exercises, tests and feedback on
students’ performance and progress in an interactive and adaptive manner. The pur-
pose of the further research is to investigate the effect of an overall multimedia course
in introductory computer science programming education. However, this would re-
quire extensive Lingo knowledge and significant effort, and this is the ultimate goal

of multimedia supported instructional tool such as AIMIT.
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This appendix section includes:
1. Ethics Committee Approval for Experiments
2. Letter of Consent for Student Volunteers

3. Questionnaires
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=
ey UNIVERSITY OF REGINA

@

OFFICE OF RESEARCH SERVICES
T
DATE: September 5, 2000

TO: Chi Song
Computer Science

FROM: K. McNaughton
Research Ethics Board

Re: An Interactive Multimedia Instructional Tool For Computer Science Students

Please be advised that the committee has considered this proposal and has agreed that it is:

v, 1. Acceptable as submitted.
(Note: Only those applications designated in this way have ethical approval for
the research on which they are based to proceed.)

2. Acceptable subject to the following changes and precautions (see attached):
Note: These changes must be resubmitted to the Committee and deemed
acceptable by it prior to the initiation of the research. Once the changes are
regarded as acceptable a new approval form will be sent out indicating #t is
acceptable as submitted.

Please address the concerns raised by the reviewer(s) by means of a
supplementary memo.

3. Unacceptable to the Committee as submitted. Please contact the Chair for
advice on whether or how the project proposal might be revised to become
acceptable (4775.)

~A v AAn s AN I \nsst Loy
K. McNaughton v

cc: Dr. L. Symes
Computer Science

GM/ab/ethics2.dot
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A.2 Letter of Consent
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UNIVERSITY OF REGINA

DEPARTMENT OF COMPUTER SCIENCE

Letter of Consent

Survey on Multimedia Tool Kit for Computer Science Students

1. Thank you for your time. Please note:
° Participating in this project is not part of the requirements for this course (CS170).
. We would like to ask you to test a multimedia tool kit, take a sample test on programming
concepts (foops and arrays) and then provide some feedback regarding the multimedia tool kit.
. Your participation is COMPLETELY VOLUNTARY and you may withdraw from the study at
any time without PENALTY.

2. Volunteers will be divided into two group, one group(A) will employ an muitimedia tool kit to assist
programmers in learning fundamental programming concepts, the other group (B) will not. When the
tool kit is fully developed, we hope that it will be a useful tool for assisting students of introductory
level programming courses.

3. Participation will include:
For group A:
e Approximately ! to [.5 hours in a computer lab outside of your normal class time.
e Solving 10 problems with the use of multimedia tool kit.
¢ Filling out a questionnaire that provides us with feedback for in improving the muitimedia tool
kit.
For group B:
¢  Approximately an hour in a computer lab. This is outside of your normal class time.

¢ Solving 10 problems without the use of multimedia tool kit.
4. Goal of study — to evaluate the effectiveness of the multimedia tool kit and obtain feedback for

improving the tool kit.
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5. No persbnal information will be asked in this study. Only your input to the problems (loops and arrays)
and your opinion on the effectiveness of the software is needed. Your comments on using the software
will not be released to the public and your name will not be mentioned under any circumstances. After
the completion of the study, only survey results with no identification will be published in the Master

of Science thesis.

6. This project was approved by the Research Ethics Board, University of Regina. If research subjects
have any questions or concerns about their rights or treatment as subjects, they may contact the Chair
of the Research Ethics Board at 585-4775 or by email: research.ethics@uregina.ca,

7. Contact persons:
If you have any questions regarding the survey please contact us.

Chi Song My thesis advisor :
Office: CL135.1 Dr. Larry Symes
Phone: 585-4836 Office: AH505.4.1
Email: chisong@cs.uregina.ca Phone: 585-5318

songl | ch(@uregina.ca

8. Please sign this form indicating your agreement to participate in this study.

9. [ acknowledge the receipt of this consent letter and am willing to participate in this survey.

Name:

Date:
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A.3 Questionnaires
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Multimedia tool kit for Computer Science Education Project

Questionnaire

Note:

l. Please answer ALL questions. Your information will be used for scientific research and this
information will remain confidential.

2. Please provide an honest answer.

3. Please circle appropriate answer(s) for the questions with possible answers provided.

4. This questionnaire has Part 1 and 1. Part I is about programming concepts (Loops). Part [I is about
the tool kit and please answer the questions in Part [l only if you use the multimedia tool kit.

Part I (A)

public class Loop_01
{

/* main */
public static void main(String[ ] args)
{

int sum =0;

for(inti=0;i<10;i++)
sum =sum + |;

System.out.printin("The value of the sum is " + sum ) ;
} // end of method main

} // end of class Loop_01
What will be the output of the above program?

a. sum=1

b. sum=0

c. sum=10

d sum=11

e. None of the above answers

2. How many times the above program(Question 1.) will be executed if the for loop is modified as :
For(int i=10;i>0; i-)?

a. 0

b. infinite

c. 1

d 10

e. None of the above answers
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public class Loop_03

/* main */
public static void main(String[ ] args)
{

System.out.printin("Table of Squares " ) ;
int i=0;
While (i<6)
{
System.out.print("the square of " + i) ;
System.out.printin(" is " + (i * i)) ;
i+t
}
System.out.printin("**end of table**") ;
} // end of method main

} 1/ end of class Loop_03
What will be the output of the above program?

4. How does do while loop execute? Please select the right answer.

do while loop executes the body of the loop first and then evaluates the condition

do while loop does not execute the condition at all
do while loop evaluates the condition first and then executes body of the loop

do while loop does not execute body of the loop
None of the above

HAE S LI
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5. Modify the program in Question 3.. to use do while loop ( You only need to modify the loop part ).
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Multimedia tool kit for Computer Science Education Project

Questionnaire

Note:

2.
3.
4

Please answer ALL questions. Your information will be used for scientific research and this
information will remain confidential.

Please provide an honest answer.

Please circle appropriate answer(s) for the questions with possible answers provided.

This questionnaire has Part I and II. Part [ is about programming concepts (Array). Part Il is about
the tool kit and please answer the questions in Part II only if you use the multimedia tool kit.

Part I (B)
import java.lancs.* ;
public class Question2
/*main */
public static void main(String[] args) throws Exception
{

in{]i={1,2,3,4,5,6};

char[]Jc = {"A",'B’,'C’,'D", 'E’};

String [ ] names = { "John", "Mary", "Tom" };
System.out.printin("The second numberis " + i[l]);
System.out.printin("The third chararcteris " + ¢ [2]);

for (int k = 0; k < names.length; k++)
System.out.printin(names(k]) ;

What will be the output of the above program?
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(8]

import java.lancs.*;
class Average {
public static void main (String [ ] args) throws [OException {
int[]i={1,2,3,4};
int sum 0 ;

for(intk=0;k <4 ;k++)
sum = sum + i[k] ;

float average = sum/4 ;

System.out.printin (" The averagge is " + average );

}
}
What will be the output of the above program ?

a. 1

b. 1.5

c. 2

d. 25

e. None of the above answers

3. The declaration of 2 dimensional array with 2 rows and 3 columns would be as below.

Private int[ ] [ ] board = { {CROSS, BLANK, BLANK},
{BLANK, CROSS, CROSS}} ;

Please select the correct answer:
a. True
b. False
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4. int[][]wiangleArray = { {1}, {I, 1}, {1,2, 1}, {1.3,3,1}, {1.4,6,4,1}}
/* print the array */
for (inti=0;i < triangleArray.length; i++) {
for (intj = 0; j < triangleArray[i].length; j++)
System.out.print (triangleArray[i][jl +" " );
System.out.printin( );

}

what is the output of the above program?

5. Rewrite the program in Question 4, and try to get the following output:

41
l

— gt
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_— 0 O\
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Note:
1. Please provide an honest answer.
2. Please circle the appropriate answer(s) for the questions with possible answers provided.

Opinion about the multimedia tool kit:

Please rate the following statements by circling the number that represents the response closest to your
opinion:

I=strongly disagree
2=disagree

3=no opinion
4=agree

S5=strongly agree

1. The multimedia tool kit is easy to use.

l 2 3 4 5
2. The multimedia tool kit provides effective and useful messages in the process of teaching
programming concepts.
I 2 3 4 5

3. The multimedia tool kit helps in understanding the concepts.
1 2 3 4 5
4. The multimedia tool kit helps in learning the concepts quickly.
1 2 3 4 5
5. [ will recommend this tool kit to other students.
1 2 3 4 5
6. [recommend development of such tool kit (Multimedia tool kit) in the future.
i 2 3 4 5
7. Do you think it will be helpful to have a system like this running on Computer Science Web site to
allow you to access at anytime 24 hours a day?

1 2 3 4 S
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8. Comments or suggestions for improvement of this muitimedia tool kit.

9. What do you like about this multimedia tool kit?

10. What you don’t like about this multimedia tool kit? What is your suggestion for improving it?

I1. Ifyou have used another kind of multimedia system/tool, are there any comparisons you would like to
make?
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